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ABSTRACT 

PROBLEM TO BE SOLVED: To achieve an inverter type delay circuit, a voltage 
controlled oscillation circuit and a voltage controlled delay -circuit with 
simple circuit configuration which can reduce the effect of power noise and 
jitter. 

SOLUTION: These circuits are so constituted that a driving current is 
controlled according to a bias voltage or a controlling voltage, that 
dependence of delay time of each delay stage on source voltage is 
suppressed by connecting a plurality of delay stages whose delay time is 
determined by the driving current, by adding the change in source voltage 
to the bias voltage or the controlling voltage at a predetermined ratio, 
and by supplying the result of the addition to each of the delay -stage,, and 
that a plurality of delay stages each of which has a different dependence 
on the source voltage, for example, the dependence whose delay time runs 
counter to each other, are connected at a prescribed ratio. Thus, the delay 
circuit, the voltage controlled delay circuit and the voltage controlled 
oscillation circuit which can suppress the dependence of the delay time of 
the whole delay circuit on source voltage can be achieved. 
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T^mE*fcHaNWlEE«:j6CTK 

©f!^-C±f E> < -f T * «SEE* 7c tXMflntE K JJD© L . fln 
5P#fflO«iB«BE«c#14*«l*(ll/. *7c. guz&mn 
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[#ftiS*©«SH3 

n. ^SEttrnfiSit «fc -p-css^*^* en*a5£& 
fcw-rsaiaufc-c&^-c. 

§g n-r i,> *£ifej)<;#£±ia^ -r tx^e scanner i>tt 
mm&WL*t&tiwm i fstsoajsiniiffi. io 

[M#»13] ±sB3&fcflniMMa«. ±fB^?®^E©«*S 
K£ ±IS^' 4 T XffiE©«i£igl t ©RBIC&& 3 nt I » -2. 

±IB/MT^mff©«^<bSI»mE (GND) ©{**& 
ft t <DTSitem& 3 ft r t, »* IB 2 © * <f £ £ £ WT £ 
|{}#iI2ie«£©a5iiaS8. 

[M**4 ] ixaanmsoA. ±iEHiG!iiE©^«««: 

maW^&Z^trft&TM 1 iBJS©a5SHI!S. 
[HUR5I5 3 ±IBiti»aW*RB. ±E«»«E®«*e 20 

mt±m* -f r x*e©#*&I8 i ©ni«:»tt 3 ft-ct> & 
©ajs@g&. 

±IB-f i JJE«H«EE(0tl9ftltt ©IBKlSSttS 

ft, ¥-Y^\<D^4T^m.Kifitm^ini>m\<D'm. 

Y*>^V>**t -SiS^ii 1 IBtScDaSElHlSS. 
Ii»*3B7 3 ±BMOSS^>^-d'tt. 31 1 OWStM 

> y x $ t l tcmshmmc) -c & -*> mat* e sb 

tSoaiilHlSS. 

[»j»a8] ±iani**««. ±sBSiglBE©^«iSK 
■rSJm©$aWn*#Rt. 

±K«»*EC!^a&«tcd*ti'Ct»*Sii*fiS»*JJBIt 40 
2©^<-f TX«BE(C)Sn*r-5»2©3l8ianllt*Si*d 
trfWSS 6 IBi8©a^lHl8S. 

mt ±s&* 4 7 *«e omm t ©ratcs^ 3 nti>5 

±IB^VTXm0E©tt*&^i*«®I (GND) ©«& 

asti ©ra test* $ nt t» *!& 2 © * + * <t * mt z> 

fj|*g!8IB*&©aii|!88. 

[is^jsi 03 isiim^mt. ±iBsassji©^itia 

K$SftTi>Sii^j£#£±SBm©^TX®EK:JJD 50 
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jrr*m©ei£flnJMM8±> 

±1 BSaii^E©33*fi«:^ $ ft r t > S MlwS#*JJEJt 
2 ©><-r r *mE«:an#-f 2 ©ifiijSEflDJ?^fS <t £^ 
ty|«*«6§BK©a5iIi88. 

[!f}#jfu 1 3 ±iaa^«. mo ssa-f 

ic^ 1 ©' m t x«E#aijjn 3 ft 1 ©«a® 

-*©SS^*5«*SE©«*&^w:^3n. y-hcc* 
2©^VTX«E* i EPJlD3n€.ffiS!!©^2©®j£© h 7 

JhiBSI 1 <DW.WLM \-7>i?X$t±&4»*-9 ±©fSI 
CC«iK3 ft. ±IBS^©^ 1 b 9 * ©W 

^m^©f5in^s/c(i«o*^siRL-c±gB-r »<- * 
K&te-r ©;w » ^^^isissi. 

±BB^2©®ife?gih7>^X*iJilB^>^'-^<!:©ra 
K&i£3ft. ±fBltt!(©^2©®ijitigb7>^^©ai 
*fiiife©<5in*> S tc *^ 5r iSt^ L T±gB W> ^* - $ 

tc&te-r ©x w v 9- > ifmnt znim 2 
iB*s©asiniss. 

[19^1 2] ±IBMOSS!^>^-^«. Moil 
(D&tiZm iSSt©^ 2 SiSiS h ^ > J? X 2 

zmmm v 5 >s^x * t ufc^«i«fiS©^ ^t^* 
znrnu 1 iBK©asiai88. 

[M«39 1 3 3 JJB2SUD*#«t*. ±IB^aS®E©« 
tdlt i±lB^v r ^«E©«*&» t ©ratcgiK3 fiT l> 

±e^^rx«E©«»siii4«i»w£ <gnd> ©«*s 

n^i i iBJS©aj£iH88. 

[3S#J»1 4 3 ±IBaS©«. MOSS-fW'i-i'i. 

-^©ss^ifB-f^^'-^©^^^^^^^. y 

— ^©^S*i±IBX >fyg L >yi-^>> : x^ ©fte^©SS 
^K^3^. f6^©^S«^»*»mE©fftt&i^{Cig^3 

88. 

[fi5*J« 1 5 3 ±fB»DS#e«. JblB*«*E©«l&« 

tii&'MTxwEoett&istomtcaiftsn. ±e* 
asmEw^ffijcs&jiEfiX^iia^ jrznmc* v ■? 
^•rfc**^* ^^-TiH^i 4iBis©aj5i2i 

IfS. 

vat 64a -s ass* WT^asiassr* o r . 

±5sasi8i*. Mosa-f^-^i, 

Hi i ©;W rx^oEtciSD-c. _bse-r *t>c& 1 © 

|gftl^*^1--S^ 1 ©^iiSSEiHSSi. 
^2©>'WTX«E5CI&0'r. ±gB^l©SE8WSi3S<!:^ 
^5S?®mEtC<??tt«r^^2 ©HS&ISifcfc-tsa^ 
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- * i£.w&? z& 2 <ommwM9& t^mth as* Ess. 
[ffi>m i 7 ] ±Ewwff©9a»** i ©s«£-c±ib 
91 ©/wrx^Etcflngu Jra&*S:H£±tB3t i ©m 

nm2<DUa^mt^m-ri>n^m 1 6ietK©asisi 
09^&±eiii©'wy**E©0a^£©WKift» 10 

3n, ±iBm^E©^©£to£# ; &i:IB^TXm 
Etc * ? •? »J > £ * +• $ mir l 7 IB 

in$mi 9] ±iB^2CD}jn»#s«. ±e«««e© 
eg&sia i ±iam 2 ©>< -f r xse©&*&*§ £ ©R3 k 
snri»s»i ©++'•< ->*£. 

±1 B; •? >f T ^SEO«*&8 i SsSmBE i ©«*&& £©IB] 
8 ft"C I » * J* 2 ©4 s + ' < f * £ **TT iff #11 1 
7iB«S©SI5I@88. 

0 ] ±MiMOSM4 *3i©{58£ 20 

HWWf-*«T &JH 1 ©m«elS§£l&2©&j£jElH]f§ 
€*»I(I1IS£ UcMl&fliJ*© >^-ft* 9 . 

ms.'m.ELvm&Mtm 1 ©^'-f r xmE©«*§*a£©RB 

fIE©tftilSil§l££*tiE (GND) <D^Ut<D?Sicm 

^ise®^ tm2<Dmr AnK<Di*&m torn 
tcg^Sftr^sliis ©*+;>• ->££. Sft2©;wy* 30 

mE©tft*&iia£»fMIE (GND) ©«*£«§{£ ©fB«:« 
igfc3ftTt>£1B4©* + >'^£tfC<fci3 > SilSE©^ 
S*©£dfc/d<;£-£?&2 ©IJ-£-t\ JfT2©^».|5|SS©$<J® 
ItEKtSteTS^S^^-f £fi*Jf 1 6IB«5©il5£lHl 

[it#IR2 1 ] JJBMOSS'f >rt-#B. ^31©S?SiE 
aj^Jiffi^'&W-r S9 1 ©^i8ilI]8S£f|t2 ©Si£M38S 

S?SSE©«*£il££Si 1 ©;<>( TXSE©«i£il££©P.3 

icsafcSftTt'afin©**^*. Hil© 40 

n^T^sff©«$&i^t««®E (gnd) omtemt 

©ffl tcffife $ ftT c Jfl 1 ©* ♦ $ £ CC J; <3 . . «» 

®E©^«i©£ifo!£#£Sfi i ©«*»B»©iwwtEK: 

#8&Lfct^®£. 

®KmE©tftl&ili[£f&2©'W 7^1E©^ii©M 
K:*8i&i*ftTt>&Jil 2©* +>"•->*£. S2C^-/T^ 
®H©tti|i&iSiai»mE (GND) ©&*§*££©«£& 
i^3ftTI,»£S?3©* + 9. nWMR.<D%. 

«b©£SiE»iS;#£S&2©gJ£-C\ 92©«Sfe#lHl8g©*fJiai 
®ItC«^-r-5.^<b?:^-r-5ii^l 6 IB*S©j151[s) 50 



[ftt*«2 2] ±SBlfn©* + Ai/*tt. »I^fi"C* 
■Sff^Jil 9iEiS©i!5l[5|8g. 

[f»38B2 3] JblB»2©*f-'"«5/*«. oi^sat:-* 
9fBt£©23£le]8g. 

[IW0B2 4] ±E»2©JU»#«tt. ±e«W«ff© 
tfti&IS £ _hiBS& 2®'M7 XSE©«*Sti £ ©ratc««5 
Stt-CO-Sm 1 ©gCiSR^-i. 

±IB^W T *flSE©«*Siia £ S*SE £ ©«*&« £ ©Rfl 
K&^3ftT(,>*IB2©gtt^£*WT*SJt*Ji!l 7 

iBiS©iI5I!slS&. 

[5fJ}S«2 5 ) _LiBffi2©flIIIHM8«:. ±iB*©«E© 
&J&m £ ±IB9 2 ©'< -< T^SEOMfi £ ©RS «:fi?«J 
^^tv-CC^^l©^ KtSHlOffltlSJR-T-i. 
±IBm 2 ©;< -C r xfiE©«*&ilS tSji^E©«^ £ 
©BI«:it?lJ^ 3 tlT l» Z>m 2 ©gtnSJT- tJ82<D#-< 
K i *«-T -&fg#« 1 7 fBtS©i!J£5|8S. 

ciS3}?3i2 6 1 iifcsm^E&??tt*ft-?is&©ai* 

6 *i ^ iffiiaifs-c * r . 
m i ©sassE^ffit*^^ i ©a®©i . 

±!EJ?1 1 ©miE*EfiS??14£tBJS-r-5>m2©«?S«E«c 
fftt=S:^FO»2 ©SSSi t . ±IB» 1 ©iliiB £ 
9 2 ©a^lScetfcti^CSll^'C^ £ 4351088. 

[gfwan2 7 ] ±gz&&®m>i; v *&mm<DBmmi 

T©il5I mm<D?S K . ±3B^ 1 © iffiSS t % 2 ©ilSS 
©fd^9iS$ ft 2 6 gBiS©SiiH18S. 

tft#J12 8 ] ±gBSg 1 £^2 ©il5il3©ftetc. i!5£B$ 
PBlC^^Ettffl** 1 ^'] 5 4l/c9 3 ©iiJie* J §5W 6 
*rr I^IS^JI 2 6 IB«S©iiiiH?S. 

[IINOS2 9 ] A^m#Kl^©3Bi^?:#^fcS8i 

T X SEE* £JdET -5> ^* T X @5g £ . 
±1 1*4 7 X^EK: IE C -c MtD 3 ft fc«$E©#tft SSS 
^■CilBA^^^iffiffil/. ^^©jlMfs-^^W^^ 

affiflr^tastr. ±Kiifflai8*»6ffl*s*i*iMk© 

±IBjl5II5IS8«« IS#^ 1 -2 8iBi&©S5£|5]8g-C4>* 
[It#^3 0] ^ipmEtCjECrSlSll^^iJWSft^ 

ttsits«« jj zmmvcm^r z mn^&i: w-r ^se 

{c^$ftT(,»4SliftfiS^%±iB*llffl*EtcJnfifr S3S?i£ 

jraw^a^^iS^Jis oiBis©«E$«iaiiS5i@8S. 

CIS#«3 2 ] ±§Bfln&*©«. ±IB1SjS«E©^ttfi 



5 

(C^ & ft-C l> & BifcJi£#3:±!eaiiJ®imiIK:SDg-f 
JjDg^SSr^tf ft#S 3 0 IEtS©mEflJ®iI@IslS8. 
[1*40313 3 ] iEiBBSB. MOSfi^>^->4. 

±sny>*-*± ±.&nmmK<Dm%& t ©ra tcs^t s 

ft. y- h KSU ©WfiWEtfHUJOS ft£lg 1 ©Sift® 

±s2 a > > * - $ £ smsEoeysi® i ©ra cc s ft . 
y- h <c9 2 ©w»«E#Emn s ft 2 ©saw h 5 

>S>* * ± Siil*JS 3 0 iE«c©«EfW8KI5§[H) 

B. 10 

Ih7>y^fif2 ©SikV h7>^^ ^WdaM b 
7>^*il fcM «&«)£© 4 *T * 3 
3 BIKD«SMfKKBI>. 

[IR3&93 5 ] JJSStfBinH^Stt. ±E«WME©« 

i&«i±ia^-rr^*BE©iW&<»4©iBH:»ttdnri> 

JJB'<<f7*«EE©«lftK£»ME (GND) ©«te 

agi ©MKgstt 3 ftr 2 ©+ * a*/ * i *^-r -s 

|g*^3 1 Ett©«iEimKSlIlK. 20 
[IS#IB3 6 ] _bfEfll]IM^S«, _hlEH8SmE©^StlS 

(c**h-ci»*ss««R»*±E» 1 ©w»we«cjiijm- 

±iE«B«E©sat&«(c**h'c i>*3aatjss»*±is* 
2 ©mweek: inir-r *m 2 ©aaam t tstsn 

sJ8S 3 5 l54E©mEfiJfPii?2lllgS. 

[ihgbs 7 ) jjaaw^aa:. _biEmisitE©^«)S 
sj&i©st«ijn#*&£. 

±K«»«a©saBi«K«**i'c«f»4BaifiR»*±iafli 30 
2 ©MwcEtcinir*- -ss? 2 ©sifcflnir9M2 ± *dtn» 

3J0I3 5fBtfi©WEM9KI3B3IK. 
[»*5I3 8] ±SES5*©«. MOSi^>A-$i. 
— #©«^aU:I2««*E©«»««e»tt3*U y- b 

icm 1 ©w»«E#wto3ft*i!R«©w 1 ommm. b 5 
2 ©*ij®mE^Ep»n 3 tmmom 2 ©*&« h * > y 
icmmzti. ±83«tt©sii©*at»h9>^*©tt 

*«illE©ffj^*>*/ctt»o*>*jilROr±IB-f>^-* 
KHft&T 5 1& 1 ©* 4 f f- > y@SSi > 

±§2^2 (ommm b ? z t±sz-( tots 
KHg&sft. ±um.&<Dm2<Dmtfmb5>i>zz<DBi 

[fS*^3 9] JJBMOSffi-f tfi»©mi 
©^?®h7>^^^<!:a8!!©^2©««£i!SI-'7>> ; ^ 50 
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$ & ttftfll LtcmtmtfXD 
$>Zm**%3 8iEtE©SE*flatia55lHl?8. 
[»#SJ4 0 ] _hE£«EftI*#»tt. ±IE1gjSiSE©« 
|&«i±E^-frx«E©tttS«4©IBK««S*i'Cl» 
■S^l©**^ 

±BE^'^T^E©«*S^<!:a«mE (GND) ©«*& 

n <t ©ra cc&& 3 ft-c i 2 ©+ + z 1 * mr z 

m&B. 3 8 I E«©«EiM® jH£@] J8. 
[MfcCTU 1 ] lEifiSti. MOSS-f^-Ji. 
-^©*?-*«±ia-f >^-**©tt*Mh¥-K«*St». y 

- h tc _he*JWWE*»Epfti sft*x^-;? : >yi-^>^ 

?cc&R3ti. fte*©®@*5»tim©«t&^«:S)K$ 
nr c » 4 * + ^- 5/ * £ * wr * n*m 3 o Etg©«E*iJ 

[IH0B4 2] jjeftnmtu:. ±E«««E©««e« 
i±iEW»«E©«l&«£©nBK:Sa*S*i. ±iEm?SS 
E©S!tt©32ii£^ ; &±iE*iJiBlSEK:* ^'J>^T5 

* + $ stft^i 4 i gEis©«E«itaiiisiHi 
iv i ©waiwEtciet'c, ±be-y >a->kji i ©sgii 

*2©W»«Etcifi;Dr. ±E» l ©IBa««Et*ft& 
[f«*JI4 4 ] ±IE^2SimE©^lb^^ 1 ©sn^-cie 

m i ©$aiai«EK:»n3? »a»*sm*±E^ i oimm 

±fEmiSmE©^Sb5r^ 2 ©f !l^t?±lE^ 2 (DPfflMK. 

m 2 (omu^m tzm? stf^Ji 4 3 is*s©sE*u'<siji 

[fg3}?lI4 5] ±IEMOSS-Y>^*-f «. ftii©SSiE 
tU^^^Wr^m 1 ©m^®lHl?S£^2©^E«gIiK 
%%%^IHSS£ U/cMt!j«i^©-f>-''<-^-C*<3 > 
miSmE©^^ *mE©#*S*£ £ ©Iffl - 

cc^stirc^mi ©*t^^*£. *i©><-<7* 

iEOMS^iitS (GND) ©ft*&lta£©PatC« 
iKSntl^lS2©+r^->^£(C<fc'3. 
H)©^fiX^5:m 1 ©Sfl^T. ^ 1 ©Sifc®[5Igg©fMiSJ 

mEtctt^-rs^iat. 

flWB«E©fl9ft« £ ^ 2 ©m- ^ r ZMK<D&1&m £©(a 

cc^gnt:^-2)^3©*+''^>^£. »2©M^r^ 

«E©m*&«£»««E (GND) ©{&!£*££ ©IffltcS 
iK3n-C(,^^4©+*-'"!^3?<bK:<i:»3. SiSSE©^ 
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znmmm&i u/cMsw«^o>f >/<-*t*»>. 
*flras<z>mtett£* i o'^t *mE©tft*s*iii©ra 

Kigit^ttT^.Ssfri©**^* . 3U© 
^^T^mEO«*g^i««m)E (GND) ©«*£igli 

oH{cs^3nri^mi©*+^ , ->^ f t^«fc , 5 > «© io 
*M!«E©tt*&tt tm2<D>ur xnE.<D&tem torn 

tcJg|&3m:t,>£Si2©*i-;-<s-'*i. *2«VWT* 
«E«D#te«i»MtE (GND) ©tt^^iOP^Kg 

igS3nr^-£.^3©++^-->* tuL&K). mwmzvg. 
tt©^aws»* * £ is 2 ©«»®ia!!S©iiaii9« 

E&C{£*&-rS3M8i£W-f *SfN?II4 4fB*£©^E*0S!P 



*«Wifftci6i;'c«iB*Mjww»sn. * i ©«b«e 
±!BtiJ©s»cFt;o-cii?i»#ra* 3 ftfJ® 3n. ±e» i © 

WBWEtt^tt i «R-T S SI 2 ©WRWEttffte*:!*^ 
gr2©S3Etai*WU ±IB^1 ©jl3©Stm2©ilS 

B«ttttT©iiii^ra©ratc. ±Ejw'i©aga<t*2 

OSSEBt® 3 ft 4 7 IB*S©mES|iJ® 30 

nr i > £ m$ji 4 7 ia*s©mE$nia)ji@i5iif§. 

[St#gf5 0] A2>fs#iiISff#i©tMB*Jfc®U 
Si. 
Si. 

JblBtttSWEKlSi; "CAMP 3 *ifc*BBSHn-C_tlBAa« 40 

i. 

JJEttEMWHiEiaigti. US*:® 3 0-49 tSi&©«E 
3HJ1S)iI&|5]8&-C£>-2> D L L@SS. 

ssiB«E©a3tt«:3f 3e©«J6-c±ie*iKBiaEK:*n» u . 
jnjws**±BjBttg»c«i&-r*iiiw#«*wr*«E so 



[H**5 2] ±IB»D®*©«. ±SB««3E©£IfcS 

lB*#K**tHll3iaa5 1 iBtt©«E*J8PI6MHllf§. 
[ 88*315 3] ±BBflOfl#f&tt. U2«WtE©SSMI 
tc£ $ tir t » * B*J^*JJEIW WtE«c fti *T -5 Sifi 
Jjl8l3M2£^tfSfl5jUS5 1 SBiB©SE*ilffi>3fe!Sila]88. 

±1 B -f >'< - 9 i±BWJ«E©fltt&« i ©IBHC«*ft $ 

ti, y- b teat i ©wwHiJtfSMiis *i*J* 1 ©«i£« 
±E-/>-»<-*i mm^Eom^tSi t cm k. &tt 3 n . 

y- h KUt 2 OMflPttS^EHttl 3 *i *3&2 ©«*« h 7 
>5** £ i «rr*MI#Ji5 1 IB«I©«ESIJ®»J5IhI 
Hi. 

[»#2»5 5] ±SBflnlMM2tt. JJBWBmEOSOW 
2 ©#J®«EtcJjnJ*T £IS 2 ©£ifcfln#^8 i **trt» 

HMBI5 6] ±BMOSfi-{W<->B. JH ©«* 
5 IB*S©«E*llffl>#yS@88. 

[tf#3»5 7 ] ±IE3»aEfll»*att. ±E«««E©« 

t&«i±jB^-rT^SE©tt*s«ii©ifflM:ffi^3n-cu 

±IB^' T ^«E©«*Siia i»««E (GND) ©«*& 
«5i©|fflK:^Bt3ti , rt^^2©++^*i*Wr4 

[»3*OI5 8 3 ±iB»nS*S«. ±IB«iSSE©^«>« 

±IB«ffi!*E©S3!b* (C$ iti*Cl>?> SiifcfiX^ilBSI 
2 CDtW«EtCftdi-r ** 2 ©iMBtolM^K i *^tfS« 

5 4 IBl£©«I*(JffliieJSIeISS. 
tl«#JI5 93 JjaaJKBHJ. MOSS-fW-^i. 

-^©«^36s±sB«aa«E©«*&«tc««63n. y-h 

cc^ 1 ©SMiSKgE#EPfl03ft*1S&©S& 1 ©«St» h 5 

2<DfflwmK&wm$ft*>m&<Dm2QntiiLm v 9>& 

X9±. 

±bb^ i <omm v 9 9t±s&4»*- 9 i©ra 
ccs^3n. ±lBffi»©^l©«i!S8K^7>^*©lb 

±IBH 2 ©SiSJS h 9 9 t±£Z4 9 i©lffl 
fCgi^3n. ±IBlfi»©IP2©««tj»h7>S>^*©m 
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©m^SciS h7>^? 4«&©S(t 2 ©^ifciS h 5 

b 7 $ 4 U-tc&9bmf8.®J>'*-Z-C 

t, io 

±MZ^4T^K<D&j&&L&mn& (GND) ©tftfc 
«4©IBIK:Sa«StiTl»*SII2©*i'^2/*t*«r4 
HSR 5 9tBtt©«ESl3Jftl#SSlE]?8. 

[si*JR6 2] usasgt*. M0SSW>n-*6. 
-#©M*#±iB^>'<-*©atfJi^tt:»*3*i. 

**4. 

—■fi<DW&&±M* A v * > 9 h -5 >S?^ *©ffe£©i8 
^K&i&Sft. tifc£©Sffi*s*i»«I©«*&i|gtCigi&3 

tin * + -us/ * 4 art &it$gi 5 1 eti©«EM 20 
[if*gi6 3] iszm&zmz. ±iE««*E©fJ»8« 

4±^»«EE©#W&«4©mK:«t*S*i. ±£**K 

b. 

JJBSSSB. MOSa^>^->i. 30 
JUKDWHWtEKjeO'C. JbJE-f»<-$Hcjm©Wft 

1 (Dfmmmn t . 

*2 ©MWtEKIfcOr . ±ffij» 1 ©ratfrtt%4JMc& 

tc«t&"i" £ JH 2 ©ttttfldlK 4 * *f &*EIMH)P ftSii 
B. 

[»#9I6 5 ] ±iemi8imE©^8ti*ii! 1 <DSH^r±ifi 
m©MflMiEtcffli*u in)Mi**±K* 1 ©*i*ff 

HBKOWft-r** 1 ©Jjn#MM£4 . 

±1 BmffWE©£tt&* 2 ©SH^T±IBS& 2 ©MOVE 40 
»2©to**R4**TSM^6 4Klt©«E«»« 

ig@B. 

[ftfSeeilEMOSS-f^-fB. &il©«d£ 
HttJK-fcWTSJII 1 ©«*«@B4ai2 ©«aHRSK 

mzS^BE©«*&«4^ 1 ©><4 7*«E©ttlS*4©n 

ic&ttdtm**!* i ©* w»tx*&. an ©>< -fr a 

^BE©«^«g4SliS)E (GND) ©tt£ft4©nn(c& 
ttS*iT(r»5*2©*r^*4KJ:D. SiSimE©^ 50 
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gb©£ifcfiX#£ai 1 ©£da"C. » 1 ©W8MMaltt©WW 
*EK«fcT**R4. 

ttjR*E©#g&M 4 HI 2 ©>< -f 7 xttE©0ttelft 4 ©|fl 
K!K»3*iri»ftJII3©+f^5'*4. JI12©>W7* 

«E©«i&«4»i»«E (gnd) <oimmt<DMtcm 

ttStitl»*»4©* + ^f iCCj:0. *«*E©£ 

ib©^^^^ 2 ©Ster. at 2 ©*mN3B©Mfli 

«EK«|ftr**S4*Wr&HI«3B6 5Ett©«ElW 
[HUJ0B6 7] lEMOSfi-f^-JH:. ftiI©«ISS 

WM*&fst*x 1 ©«jjg®i5iss4^2 ©s%«@b 

£SifcjE[5]B4 Wcgmt&WA »<-*-c*9 . 
«W«E©fl8&«4JH 1 ©;<-f 7*WE©«*§«4©ra 
K«tt3*irv>*»l©*i-' , «^*v *4t»tt. Wl© 
/<-f7**E©«*&«4»ig*E (GND) ©«i£*84 

©ratcjf^$nrt»-5^i©+i->'f'>a'4tcj;o, Sis 
SE©^8ft©£i&jS# : &2ft l ©SifciElsl8&©i»NJiSiSEte 

SiSlE0ttlS8£t2©^--f7 ^«E©«*&»4©M 
(C«ttS*Vt:i»S*2©*i'><S'$'4. »2©>W7;* 
SE©«*S«4S!£«E (GND) ©«l£«g4©raK:Jg 
»S*iT«,»*JH3© ! * l *^i'4K:J:*). «I®SE©^ 
«6©^SfefiS»% * -S SH^-c . * 2 ©SiftiS® 8&©iW'<S]«S 
ECC«»&"r*#R4%*t*BWW16 5l2tt©«EW» 

[IHSOiie 8 ] »&&«WWItfcfftt*ft"oaGtt©»g 
SjJI 'J > ^ttCcSSK 3 4i4«EWfflI*filHlBfr* ot. 

1 ©ii5ie4, 

±5B$UiS3)mEtCfc; 0 T jBS^n^MtV 3 ±IBS 1 © 
m^.SEffi : ??144*BST2>^2 ©«SWEtS^tt%f#-3 
HI 2 ©jI5i&4£Wl/. ±iB»l©aii©4»2©jl5i 
!3©eS5:t3:3T5e©Sll^f 91$ &«SMIf)P9BlR@BS. 
[«3jOI6 9 3 ±E*EW»?aBllB©y » f *sb»tM© 
a*«WT©jBBE«FM©M«c. ±IBm 1 ©S5IS402 
©aSE&©*te**ifeJ£ $ *i 6 8 8Btt©«ElH0 

[»*3I7 0 ] ±EJ» 1 4JH2©SS»©fflltC. iliiB* 
r B 1©^?®^E^I?14*5ffli*iJ 3<lfcS3 ©»UR^ft» 6 
tit t» -5 M«qi 6 8 IB4£©«E$iJSP^lilHlSS. 

Cft*3®7 1 ] »»«-*4ia8fll^4©ffiffl*ifc«L. 

84. 
134. 

SOffll^tilalSSr* 4 P L L IhISS. 

l»w©B«ia«ii] 
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[000 1] 

asBfra^^s^iaBS. $?<:«#J®>m]±:K;ic>D-tji£ 

B#HI^SiJiS0pI^^mE*iKaPjI®lHlS8. 3 SUISSE 

CXaJIlElSS^fflt^cjlSSSSIilSS. DLL (Delay Lock 
ed Loop ) P L L (Phase Locked Loop ) HISS 

[0002] 1° 
jlS@ffi*£^tt«EiW8l!aS2leI88© 

EfflW&m®& (vco) *:*fiwsei*»T#a. m 
[ o o o 3 3 m^Mmn, to-?? 4 iH»aufvco 

tt£KJ:-5T»jatShlfePLLia»«C*Jl»"C. VCOCD 20 
»»«R»©38tott. ?<-F^» d7$iJiW«:«k^T<S?« 
■riCiJ&J-C**. BP**. Si^^XKiotVCOO 
a^ftBjPSMtbfci*. *HR»*©tMI-WM8R© 

t:. »wwt#**dto. vco©*ai«i»»* 
fc*aiflr*©(4«. ja^rn set 
[0004] rc-v^na^t:*-*' (^V3» ©eft 

^©^S^f Ut ,J t-$©OSD (On Screen Disp 30 
1av ) 3£?©Sbn«. *¥H»Hl-*H.„««y7yU> 
*&l."CPLLBISK:J:g»«Lfc F? H»o 

4 y Zf-Z^X^-ZO&ni&rte'y. PLL 
ISR©i?9 "D'hi* < HELL©? 'J 

it 14. *¥2flA£2 4 F 3 h/3£?x 3 2^= 7 6 8 
F»h*£W*5*U *«*TWIB*«7 0%. ftSSfi* 
y?jtl*i l/8F»Fit4t, *¥l383ff-t©Ja 
JB©ifi± 1/(76 8 *0. 7 X8) =± 1/8 77 7 40 

<oi> v * stcjtpx. & &m#ib z> . iw-m&m^ommb 

f„ = 1 5. 734kHzOit©y*^i©@S«± 

7. 2ns-c*o. ncw-nmm^ommi r ■ =47. 

250kHzO4*©J>? #S©g£«±2. 4nsT 
**. *fc. *¥PRWt#©®ffi»f« =106. 2 5 
OkHzOttOy^i'iOSSBil. Insist 

[0 0 0 5 ] ±.&Ltci?v **©B*MttgJJ«ciafcS 

@tt©W6\ PLL@K©')7t P>*?a y 9 onto 50 
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£T r ., . JMKIk«fr.r 4T*t. T„i 

3|S#ttP L LESS©? ^ - F'< 7 ^;W- , ?'TffiE* s * 1 * 1 

jwt*ctK4*. t„, **<ft*©«:ae-5-c«6 
o*aw*in*s*iTc»<©-c. y^t*T, trs 

i (Tl ocVT r ., = 1/Tf r., ) ©M&MSOSE-? 
[0 0 0 6] 04 5tC^t»^fi©SSffiiPLL©^ 

©rh****. h>s©j:5«:. 7k¥i3»§m^©jg?£8 f 

„ = 1 5. 7 34kHztlSI4i"J70tfc. f» 
= 4 7. 250 kHz^>f, = 1 06. 2 5 0kHz© 

6„ Tttto^. fr.f =100kHz«©5?»«B. 
f r . f =2 0MHzl*©S?9*«©l 4«&K«c*tJ(tS 
Sti. gH*©5>9*«t>ctitcj:9. <*e>K:*Stt4>© 
fcfc -at* »> . 3MS»*«tt^- 1 ^«i*fl»cj«a»«c 
PLLIsl3S©S:tt«. #JMC»l/l»fc©4fc-9"Cl»*. 
[0 00 7] j<va:/©|IWMWc*H.»"Ctt. 2K©tr 
^*(E-^»t&****>. jJcTOJWt-WCWTttS 1. 4 
36kHz-1 06. 250kHz ©JH8HBfl!Mc*tt&l' 

5?>ibJk3*©»RK#t>. *<rttf±«*firtFr*J:*K 
JSc^-C*'C*J»). *¥BHWt#«COC»-Cttl 2. 587 
kHz~47. 2 5 0 kHz©JBiS«*K:»l&l/tt»*i 

[0 00 8] c©J:^tt*ffl««:fl6ffl3Jh*PLLiaB 

©^te^H-r^g***** 5 . *n*^f i tw©a&a© 

PLL@K***«tJMIISK , * , «CI'M»l/t. 
iSBSgrpicftig-f {fe©v s ^i'JHH]8gA>6© 

[000 9 ] P L LBB©SS5+{4. 7 -f - F^ 9 9)1- 

■f<Dmt^m^m< zfctfutitixmctab. pl 

L ^ D L L ©fi5> » Zitftm* . iftjS©? lii 4«y 9 if 
^rfl^;.}: 0 . P L LMffivy-f < Ofc^^fi^ 

[0010] ^^{4. VCO©»]»3*lJ^E : £:7 r ^i'>'l' 
/7toW (DAC) T«i£U ?lii^7l//c 
t#©5 L + -^^>7'©Hl^E 3 £:i21S.3-a-C*i<. ffl 
li$lJ©«V COIaISS©ii5i©©IS»^^jS H 5 
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«PLLiL/-ctti^3-t*?)„ ^i»-^*>7*©m^m^ 

#«aE*'M<TS. &f©I*#i63*iri>*>„ 
^r*>-S1#P3¥9 -2 1 4340 TPLLIhISSJ . 1# 
ffl¥-9- 1 72 37 0 TPLLIhISSJ , ^^7-1 0 

6959 rmmM®mi . 10-242851 

rPLLHSSj &<b'tc«. ±2iL</£j:^«:^#?n/cP 
[001 1 3 £ 7 -i - Fa*? ^-H—^'CD^Ftt^ 

igscic « , s®«E«??i4^ifi*jis nr t » «c* o fc/c 

PLL|§]!§©i£tHgtc£ort*, WWBBEttfftt© 
/Jn3 C>le]B8£f§:ftT -5 C t tt-»W4|IMTB<t*-» 
/c. C©/cSD. ±lB©2t&«. ;<vaXDWWMO* 

^opll r-rasi turn? t>w&i?®mw y 

A Xjt§H<D V> v * Vtch ©-C«fc*P -y tc. 
[0 0 1 2 3 n ? S'tKfflir©*^ XiSH©^ ? 

t,/cSE*©ftfi5£ tra. tstwturaHWs - 2 8 20 
8801 tis&v &mjm&®nEPiw&&&i * s * 

tt. «i£fiBE©i£¥:frtgl«&ic «t 4atf «B«EV d 4 <b ft 
tc^ttnr*. -iffiPSRR : V dJ ©l Q%<D%$hK.tt 

£l5(^3%0^8b^MlS-r?.J . *fc. rjii£g[<t:«te 
©t*jD-£l>£^ it f : ^£JL'./-f XO-t^&ilt,* 30 

otc box-urn** o /c. 

[0 0 1 33 ifi^F. ATM (Asynchronous Transfer Mo 

de) mm#mte£"t,cimx:. ^■f-z.^n » w^m®. 

(VCD|5]gS) «:<t-5DLL*iK^Stx-Ct>S. MWlSS 
HJS&teCMRR (|S]*B{i-s§|&£J:b) ±# 
tC^i+-r-5iPSRR (^--tfX^-d&^Jt) 
& 9 * f :7|*JjWtr*mB i: ft 4 f 1 ^ * * > XIC 40 

sr£>£. 

[ 0 0 1 4 ] sr. ftttssiaiSttAfflafi^*^** < 
a. vcoBB^»vcDBHw>tti*ii**— 3e*c-r*f 

ft. iy^OPLL^DLL*^3tlT05„ £ 50 
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tc, ««5-f>«K:«glUfc««Wh5>^i'*V- 
©f«*sftlb F 5 * «c£to 0 << 

[0 0 1 5 3 £«j3!©lHl8&«:oi>rtt. Masayuki MIZUN 
0, et al ., "Low-Power and High-Speed LSI Techno") oq 
ies. A 0.18- am CMOS Hot-Standby PLL Usinq a Noi 
se-Immune Adaptive-Cain VC0". IEICE Trans. Electro 
n (Inst Electron Inf. Commun. Eng.) VOL. E80-C, N 
0. 12 ; PACE, 1560-1571; 1997^ : *>ftft$tt<0&&¥ 
9-2 1 4299 rigNRHj 4» . *<DWj&CM 
•V$>Z> Takehiko Nakao, et al., "Sinqle-Chip 4-Chan 
nel 155Nfo/s CMOS LSI Chip for ATM SONET/SOE Franrin 
g and Clock/Data Recovery", Dig. Tech. Pap. IEEE I 
nt. Solid State Circuits COnf . VOL. 40; PACE. 160- 
161, 448; 1997^fc£'(C#L<8&«83tirL>*. 

[001 63 

UjS©PLLUSSSC>'DLLIsl8§rB. D . /DP^© 

u©r. asiMfifcttSfetciwoi/. 7f-Ki«o/c 

^>i/^*©S»*i^v»ft:«). ^«{**fS[5I?S©ffi«jS 

«E<bcc*$v»r«. ttflw-y>*w«"r*fc«><Di* 

*^Sr*-5„ C©7c«>. c©«t J 5iC^it)SPLL|5ISS 
Rc>'DL LBSSK-^^rii. J$^5^ISSi*5^L^ 
[ 0 0 1 7 3 *^t*. *»*4*WK:«*r<cShfc*> 
©r*0. -e-©gfitJB. -Y>^'-5»S?3lii5R^(c^*S3 

ji-^ii^iooci-c. laBflHS^^BSfbr*. 

©SSfalSS. iii2HSSElslSS. DLLIhISSR^PLLIpISS 
[00183 

[§is?:«5^-r-5/c©©*S3 isesflfcjiijX-rs/c 

«b. *^BJ©aS|51SSB. T XHEEKIS Dr HEfib^ 

ft*«?^**i-f*s&i5]88r&-?r. ««®l©^tt 
^^©fi^r^is^^-fT^siitcflni^L/. fln©i^s% 
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cooi9] «wtB, watctt. ±i&mn-^ 

[0020] ttc> tfMtctz. iJEflnS* 

&». ±K«M«s©*»«K:d*ftTi>*ttawc#* 

[ 0 0 2 1 3 £ fc. *^W-C«. JifjSCCB. ±iBiigf5 
B. MOSSMls^-Ht. ±IB >f »<- *<b_kiB«© 

«E©«MM±©mtc«ttsti. mcm 1 ©'<-f t 
zns.&£m$ti2>mi<D'%WLmh : 7>i;zs'±, ±ta io 

^>A-*£»i(mE©&te&£©raK®i6&3*i. 

[0022] sfc. *mivit> tttticit, ±iafln^ 
±s&m i <d*4 rzMKictim-? z& i <D#.ma&m3. 

[0023] $/c. «7ji(c«. _fcEJnM# 20 

sb. ±ia««jE©M»««:sr*n-ci,»*fi»jiS#* 
jjbm 1 <o^<(7xn&icm&-?zm 1 ©ssfjjn^fs 
i» itB^mEEo^ifte^^nr^-sitjjiE^^^i 
iBsr 2 © ^ -f 7 xnmcmnt %m2 ©a«tfln©#fa £ 

[0024] g/c. *»WCB. »MK: tt. ±IBil5il9; 
tt. MOSS-Z^-^i, — ^©^^ite^jS^EE 
©MI&MfcMMSh. hicmi ©><"f 7*WE.ifiW 
1JQZ tlZ>m&L<D& 1 (Dmffiffi h 7 2 t . — ^3©4S 

*&mm&K<omsmti&m2t\> f-tcsf^©^ 30 

TX^EE*sE|J)tin3nSlSi5!©^2©^?jE?® 

i, ±iaffu ©^a«h 7 >^**<t±ia^ 

©H (Cgffl $ ft > JJBM»©M 1 ©^?». 
©&*>mifc©flft:fr£ji*RLT±tB-Y *K«ii&T 
£lf!l©;*-l'?? 1 >yiH]8g£. ±iam2©«^.h'7> 
^X^£±IB^>^'-^<!:©ratC^§n. ±IBffi&© 
IS 2 ©Stf£i© h 5- > y * * ©^^©{"Ofta^iMiR L 
T±IB-f >/x- -2)^2 ©* » ?->^lHlSSi 

%*-*-«. 

[0 02 5] 3=fc. *J6«WC«. ffattCB. ±IBiIM© 40 
IS. MO — #©^#±13-^ >-'^•-- 

£©^H;*>i^g J J : •K:1£i&i*^-l > y-HC±B^-fT^«EE*« 

JbiBX-f 9 ?>^h?>:;;**©M£©tt-?-K:Mtt£ 
*i. «*©«*#»M«JE©MI&M«c«MS*i-cl»** 

[0026] *»wc». ffacctt. ±iBJn®^ 

SB. ±ie«M*E©«IM*&.J:iE.'WTX«flE©0W& 

a&©nicMK3tt. jbEWB«E©sa»©2fcaEJdt#* 
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[ 0 0 2 7 ] *£9i©»&lsl8gtt. «t&3*i4M 

t. JBl©^rx«E«:i6i;r. ±B-f>^-*KJI 
1 ©ligttmiJ£*«*&-r 1 ©««t«ElKi . MO'< 
^T^«ffCa6CT. ±Eill©IB«)««i»**«iB 
«ff «3f tt*»-3» 2 ©!8ttSi££±!B^ * tctt 

i&r z>m 2 ©^asasisiKi 4. 

[0 02 8] 3Sfc. *»W-CB. SfiBtCB. ±SBmiSS 
EE©^16'&^1 ©S0-at?±iB^ 1 ©^'WTXSEEtCttl^ 

jn#*s*4±ia^ 1 ©«S£«iai88ic««&r4^ 1 © 

MUfSi. ±B*««E©SE»*»2©«^-C±B» 
2©^^T^SlEtCttJ©L. fln^t$S* ; Sr±ia^2©^fiiE 

[0 02 9] *»W©aS@K«. 

*'i©WflMEtt?Wt*8-3*i ©«««£. -tsa 

m 1 ©«ai«EfK9tt itasr 4» 2 ©*as®EEt&stt 

*Roi2©iiB5li**L. ±ia^l©i!5l|3<!:m2 

©«ffia©g«a»f3e©«^-c%* *. 

[0 03 0] ttc, *»Wt?B. »iS(c«. JJESSEI 
K©^?»«9fSI©SflHttmT©SS^n©IIB(c v ±E 

fn 1 ©ss8t£ m 2 ©aem©su^*^s s n« . 

[0 03 1] 2 hUL> 5?jfitC«. ±133111 

i»2©il^l5©ffiK:. il5P#lffl©«ISiSiEttci?14*W 

n/c^ 3 ©««&**»» 64rr 1 » 4. 

[0 03 2 ] *&91©ii&HB@Bgtt. A^»ft# 

{cB¥3g©jSi©*nB%#i«.fciBl«-^«:ffl*r*iHiIB8 

t . JJB/< -f T *^EEtci& D-T *UWS ti/c«»©Sft 4 
iBi^Ilir ±KA*«#*iBB . *«©««« #«rtU 
^T-5iiSlHl8Si, a^ff-^lCI&Dr. ±IBjEgi]!S*» 
6tB^3n-5«»©asm-^©^^f5jn^«:jSJRT4ja 

WBBt*w*. ^t*j, iiBasigifgii, m«. ± 

[0 03 3 3 *fc. *»W©«BEft(l«lljISEIaII»B. MM 
MEKiec-CMttMMJWMMSti. ^MJBMMMJcJ: 

gS-C*o-C. ««Mffifl!«M*W3E©M^"C±EMM« 

i£tcmm o . jra»K»%±iBiieiatc«*&r -6*0®*© 

[0 0 3 43 ^MM©MSMMilSiaiS«. 
Sn4KttSM<Cj:-3TMSMM«^B(>6ti4jlBM<: 
*-fS«E*ilS)2?ilHl8S-C*o-r t ±SBilSeB. MO 
SMW>^'-fi. Ml©MMME«U60r. ±se-f> 
a--*(c0 1 ©MJb«M«:MM-r 4M 1 ©ttttMSM 
t, m2©M®«ECCt&0-C. ±IB^l©^«i>SiifeiS 
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mm®. 

[003 5] ttc. *^©SE$Hffllil5SlH]S8«« Stt 
h, moMWMEttffttfcfiF-^loaSRi. ±SB 

ms. t tas-r -5 m 2 ©^smEtftfr & -oi* 2 
omm& <t u ±ibs& 1 ©ai*© t m 2 ©ass© 

|gSC«Sf 5E©gJ£T'fc * * . 10 
[003 6] $tc. $%fOD L LHIgSti. A^J^i 

DT«m«ff*atfj-r*«HEfH**a£. ±iawwtBE 

KJC 3HJ$P3 n/cajaB#F^±IHA*m#?r3iS b . 
gB«EftWa&®K « . ±i>B 1/ tc <fc 5 Ccm?® -> A X*tS? 

[0037] ttc ^m^^KPm&wmm*. um 20 

ttEMttftSSHrc* o r . mas^E©^*^©*! 
^rjja»wwEKiin*u flnmgi**±tBa&K&c« 

[0 03 8 3 ifc. *«W©WBEW»#aSiaiBtt> 

y > vmctm. s ft •*> we wwsjsisikt *ot, ±e 

aSStt. MOSI-f^-^i. 3U 1 ©WWtEKC: 
DT, ±B-{ KflJl©IB»«il«r(W&rSJIIl 30 
'©tt&WSB&. JR2©*MPWEK:il;&'C. ±13811© 
|gS4Si^iS^£ &tt*ttEtt#tl:*&-?* 2 ©SBl&IISiE 

•5. 

[0 039] * fc. ^^©*ffiftll9liailHll»«. JltC 
£S©SE<ft#1££&-?1g»©a?£©*« y > ?iMct&& 

mmmwfflw s ft. jh 1 ©wwtiEiMMt*!*-^* 1 © 

JJBJ* 1 ©*«IES#tt ± W5"*" & IS 2 ©WRWE& 40 

2 ©as© t £W u . ±bsi 1 vmm t 

[0 040] *»W©PLLH»»» 
IHKfl»&©&ffl*«:ttU ^KtttMS*Kl6i;fcfi[ffi 

DT*WP«E*a*r4«EEHi**Si. ±iBW*PWE 
■Kit DT MMB S hfcftSHttttr AS b . ±SB&Jgfi# 
*fflar*«BE»WWaRBtti**U 3 6JC, ±IB« 
EMttfttBEiau. iai/Zct^K, WB^-fXH*** 
ffiiSft. ii»WI«©*««Ett??tt**«HWSti*«EIW 50 
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whrbr-c**. 

[0 04 1 ] 

aS3R-f*»^**a«»l 0 0. (ACJB 

SEitt) 1 10-1-1 1 0 - j tc<fc -causes nn> 

S. tic. H^SiiTt»<cl»ffiffll±!KS. ^^-^^> 

-Y T *^E V cntl- V cnt.i#«*S 3 ft 2>. 
[0042] aSSP 100B. Witt*. Mf&8k$trc 
i»4tHR©aJBR-fKJ:o"Cl1lSSSn-Ct>*. ftc*». * 

ntt^tt©aswi 0 o^flwrt-iisa^tt-f^- 

*ffl-C*9. Wittf. CMOS«fiS©-/>^-**d 

^. A*«#tcs*^T9f3e©asE«snB*^*fciftasiE 
ft-^^ai^-rs. •sasiR^©as^ra©^tt ; Sra5igc 

1 0 0©a5P$f3T 0 

[0043 ] a c»nm@ss 1 10-1-1 10-jtt. 

•ttienmffiiwEv,, tsi$i«tav 55 toizi&s&fttcm 

ffiO««Kcl-Kc1*»»fc»S***n-etlAVcl'>'A 
VciiOra^O. ;^7X«E (*?c«*U®SE) V 
cntl- V cnti t AC ttl©L|5IBS©tti7JA V cl- A V ci t 
flUl? U/c*S*^$Ua!mEV cl- V ci £ L/-C . aMSP 1 0 
0&C#JS3ii£ o 

[0 04 4] CCT. »»mfiV 5i = Oil/. A 
Cttl©|518Sl 10-1-1 1 0 - j <,C£r>XttmS*l2> 

SSI 10-1-1 10-j ©Ui^jAVcl-AVc.iCi-etl 

-eti'XSCK £ -5 r * s ti -5 . 

[0 04 5] 

[»1] 

AVcl=Kcl- AV a< 



AVcj=Kcj • AVd, 



(1) 



[0 04 6 ] *te. *lOTEVcl-Vci». *tl*ti'A 
[»2] 

Vcl=Vcnil+ AVcl=Vcntl+Kcl • 4V )( 

Vcj=KcDti + AVcj=Vcntj+KcJ • AV <( 

• (2) 

[0047] ajssp 1 0 0 tzis^x , saM^©a5i 

B^ffl*s$lJ®«EV ci- Vci«:j£>C.T*rai3 n-5>. C©/c 
fe> •Sj®SEV d a*^«tiL.fcJS^. StttWIEV„0 

^tt^Av^iciSD-c. assei ooic«*&shs*usp 
sE^ffliL. align 0 o=&«tfi3i:-risa5g^^©a 
iiB#ra* 5 mas*E v „ tf <D%&hft*ti*>mt <fc ^ «c w»r 

4Cit, sag«EV <ll) ©g:KiK:J:4^S ; &}»1'*II'C*. 

®EmE#c??i4©ft^£S Lfcas^ra*}#-^a5iiHigs 
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[004 8] fcfc. ^©S&IslBSKA^SftSliEV 

,„„. -. v t ,«,B. mxit. -e-n-en-sou^cc 
^fsn-c^s^'^r^miit-rsi. ii&sfli oo© 
S5p#m]#— ^cc^^ns. «Ev t „ tl . -. 
v [nt1 ii. wttf. PLLaisiWHS-r**-^^^ 

d-c. asspi oo©a&i$ra#8Hj®;**i*. bp%. * io 
HJfe^ss©asiHi?Stt, «i»75tkj:-»t. saigas— 

OTtt&ttBEMMtiieiBlB (VCD) ©^iti*>^EE-r 

&©a5£&* V > ?W<cmi&?Z t . mEE8HJffl£6M5]8& 
(VCO) *«fi£T4Ci*iT*4„ 
[ 0 0 4 9 ] 02tt. ^jUS^BO-«^!l=£:^-riEl8S 

ST**. n^©j:^(c. iiggpi oob. ^-n-etx^ 

-g-ti-enoiss 

^imasmEv,,,, t orate p ^ + *jnsu«8fcffi 1- 5 

(y-b) &cfct. ^VT*«EV„ tB K:3&jftJlD^la]lifitti 
*>AV t „#MII3ftfc$lJ®mEV to #EPfa3ftS,, ISUft 
(C. ^-n-eftOai&SfH^S^m&Vsst ©folic. 

>yxjfoy-nc, ^*-rTxmEv c „ t „{c3£?£}ra£E[e] 
ssa^j a v « . ^jjdsl s titttmms. v « . **epjd s n« . 

[005 0] C©«t: 5 iCtfifiSSJl/cilSSP 1 0 0 -cw. 30 
8S!SR-?©S8l9nt2. mSiSiEih^^**©^^ 
«EtCj:-,T$IJffll3tl-S.„ HPfc. iiSBR-y©*W3Hltt. 

•hwie v « , i v c , tc <t o -c ww $ n £. «^e v d d 
awu/ct*. *©iaBi»Av ig «:jfcDT. w^e 

©ai2B#ra=&*Jg-c^6. c©$sm. ii5S§uioo«. 
masmEv^tctft^unct^^u/ciisBtrat,, 

too5i] 3&mnm<Dmmm&-ci l z. smv <( 40 

©^«)AV dd £®^Stg«£T^J®mEKJml?U 

*o>mm&womt*:fj'om-r £ 5 icm®? z> c t cc «t 

^S.'-fXtt. Wtfcf. ^X-C«>'). -e© 

^•Jl/XiHtt. jE<TklB-n sec (i-s®) ~chio 
r, ii>«t< tt>ss*Wtt»i«aK*«wnj«&»3W»6 

ft*. -€-*lJ:9 4>;'Ol'*i|g©j£l,>miK>'-f XCC*tLT 
tcfeWSHiSu-^©^®. ffl;U*, ft-^>7' so 
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J:5tcS:ifr-S ! 2'S*i*i. 

[0 05 2] 4>^-2§9iI5£lI?&©4 J -Ctt£*tt 
^mfl6af.M©ilJS[5]BSK:oo-C . wmmB&*4 ~? 

[0053] gj 1 ©Bifefffl 

0 3 «. *3lt6f5«S© *5SiI5H5]?8©m 1 ©@ 

SSW^TnUT^i. E^©<t^{C. C©SJ£[hI8S«. a 
SSSBl 0 0 at. iiiiSPl 0 0 a©WSEV Cf iV t , 
CC. ®8imEV dd ©^l*AV dd **£td£rtlD£T£/c 
ft©* C -p . C,„. C d „ C.„k:«1:oT«r5c$ 

[0054] **^*C d .tt. ®S^EV dd £A:fr$ 
^T.„,„<!:©ra(C®i^Sn t **^>*C.„tt. A*J& 

^T t „ t .i^»s{4v 5S i©ratc^$n-c^-5.. A*> 

»?T c „ to ic. *«®SEV t „ t „*iA^Si^S. 
$C a „«. m?S«EV dl) <!:A^4S^-T tB ,„i©ratC«^ 

Si i©raw:Si^StiTt^. A^^T c „ t „K:. 
EV„«„d5Ati3n4. 

[0 05 5] 0 0 alt ig^US^S n 

&©-f>^-* I NV 1 . INV2. ••. INVntCt 

W>#-eft-eft^M&C&MSttTl>£pMOS K5>i> 
^ifinMOSh^y^M^ft'J, pMOSh7> 
yx£©V-*<i ^?S^E V d d £ ©RCKC P ^ + * n-ffljm 
Sig^M-rSpMOSh^^y^^^Sh, nM 
OS Y^lsis7,%<DV-?*£.W&'%&.V ii t<Dmcn : }- 

^©•y-Mc. $UWSEV t „*iEP»n$n. N^ + ^oHBJ 
®jfe«i4«<!£-r5 h ©y- h tc. *IJ®^EV 

[0 05 6] $IJWmEV t „£V £n (CIt.D-C. P^ + ^;U 
fflimi ft?® iNft^ ;HliJ^?jiE?S©«*&^r3iE*^JW $ 4a . 

•entcfisc-c. iia^t tt^we>n-rt,^ns©w 

>/f-*INVl. INV2. -, I NVn©i!5P$|ffl 

[0057] &cT. *m<Dm*m&<DW}mc-mritiw 

ti>. 04«. SSSSP 1 0 0 a©«SR**"*"HKBI'C* 

i). S5«. ^ijiiiisui o o aonffitsrisoiaat? 

[0058] SSSP 1 0 0 a&C*Jl>-C. ilSSOtii^ft 
MOS h-5>i>^^-C^IlJ3tlilglbSjjSl ni ( i = 

l, 2, n)*i«sn. asia©iii^m#S:^±* 5 o 

B#tc «. P ? -f * JH»jmiSilS**JfiST 5pMOSh5> 
[0059] »ff«««:*jl>T. £&*!©© A2Ki*IU 
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[0060] cc-c. «*raattia©fi»s«*CLi& 

ft^*CLi©«?t«Vdd3!)J(=>VthL StnMOSOS 
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[0 06 13 
[»3] 

TniccCLiX (Vdd-VthL ) / I ni -(3) 
[»43 

TpiocCLiXVthL / I I pi I —<4) 
[0 06 2 ] C CC. ^i®«E<D^K)Vdd3& 5 *-7/tiT 

[«5] 



1 n(rni) « l n (CLi) + 1 n(Vdd-VthL)- 1 n( 1 ni) 
ATni/Tni=( AVdd- A VthL)/( Vdd~VthL)-A I ni/ I ni 

... (5) 

[0 06 3] * 

Arni=Tni [ {( AVdd- AVthL)/(Vdd- VthL)} -(AIni/Ini) ] 

;•• (6) 

[«7] 

Azpi= rpi {( AVthL /VthL)-( A I I pi I / I I pi I ) } 

- (7) 

[0064] nMOSh7>^*ipMOSF7>^ 
**©^>*£<t^/c§S:i1-£Ufc*tl^ (6)3£<t [0 06 5 ] 

(7 > ^C*$C>-e. I ni = I I pi I = I o v T ni = T pi [&8] 
= rd, VthL ^Vdd /Z-e%>Z>frh. '-X&W&htl * 

Arni^Td [ { C AVdd- AVthL)/(Vdd/2 ) } - (AIni/I„ 

- (8) 

[&9] 

Arpi^Td [ {AVthL / (Vdd/2) } - (A I 1 pi I / 1 „ ) ] 

- (9) 

[0 0 6 6 ] ®5ffiSl©S«:miffi^-YX©iJS*>'h3< 30tfr 
-rSfc^CW:. Arni^O^ A rpi*? 0 t LUVtllZU 
(8) 5££ (9) 5U:«3, ^©sSrtSJjSOiE 

[0 06 7] 
[fftl 0] 

(AVdd- A VthL) / (Vdd/2) *?AIni/I B 

- (1 0) 



) ] 



AVthL / (Vdd/2) I Ipi I /I. 

- (1 1) 

[006 8] ftftMlDLt. jl^tb/ciiS©2SSK: 
S«^-fXO^S4^5 < T-S/cS^Ui. A Tni + A x 
p(i ±D*i0iLttW*ltf<R6<Cl>*»6. (8) s££ 
(9) sS.fc'D. 
[0069] 
[»12] 



AVdd/ (Vdd/2) ^ (A I ni + A I I p(i ±1) I ) / I. 

•••(12) 

[0070] waHtffvoitivb <fctf i vcntp i ». « ♦ 4. + * jmsas»»*£Afc«w«tt©«*«« . 

fc. Vdd/2ttifi©ffi-C&9, nMOS©fSIh?> #©£ 9 e>ft£. 
i?^ * P MO S©m«£iE h 9 >S?* * t>*8HWffT?tt [0 07 1 ] 

fWS. * + *Jl«iRMW*«*An . Ap if5 ♦ [fH3] 

I ni=(V2) un Cox(Wni/Lni)(l + An VthL)( V cntn- V thn)**2 

- (13) 

UR14] 

I Ipi I =(1/2) I yp I Cox(Wpi/Lpi) {l + I Ap I ( Vdd-VthL)} ( 
Vcntp- Vthp)**2 



(13) 1#P82 0 0 2 - 5 0 9 4 5 

23 24 

- (14) 

[0 072] ^UY'y^^^O'O^ic-iy^-m *Jg»r&£. (13)5$. (1 4) SUO. 
&©3&SI I, 0 6n?>. 

fct>#. 4is'<-ZM'$?z> j ?-\-\tsmn<onK&> [0073] 

^fc. Vdd/2©i#{Cjl5i|30t±l^#<DSE^Vth [$!( 1 5 ) 

LV&ri^K lni=l 1 pi I aWSZoTl^Cti* 

VthL = {(1/2) I up I Cox(Wpi/Lpi)(l + I Ap I V dd) (V cntp- V thp) 
**2 -(1/2) un Cox(Wni/Lni)(l + An - 0)( Vcntn-Vthn ) **2} 
+ {(1/2) I MP I Cox(Wpi/Lpi) I Ap I ( Vcntp- V thp) **2 
+ (1/2) Mn Cox(V*ii/Lni) An(Vcntn- Vthn ) **2} 

• (15) 

[0 074] t&SLSl^SEEO^ttA VthL «. (1 2K[R16] 
5) 9 * 

AVthL = { I Ap I / (An + I Ap I ) ) AVdd 

- (16) 

[007 5] I nit I I pi I ©^tbA I ni. A I I pi I ★[007 6] 
B, An i Up lOlll^J^^Ci^tSI-Ji^t [®tl 7 ] 

*>\,mmmii>&toicmm®<o*®&> (is) m-o/s) »o c«<mnAni)(veatn-vtiui)«2 

sc. (14) a:*»6**rfc. *+*ji/fiSw»i**£ '*' (1 7) 

Attn. 2l© ( 1 7 ) SC. (18) SCtC^riWnfHW© 20 [« 1 8 ] 

mftESC. *>^*«>r*>iaicj:5ais»*»&t:4*»r# 

I I pi I = (1/2) Imp I Cox(Wpi/Lpi)(Vcntp- Vthp)**2 

- (18) 

[0 0 7 7 ] I nit I I pi I ©g»A I ni. A I I pi I 
«. &©<fcMC#*£. 
[»1 9] 

A I ni= I ni X 2 A Vcntn/ (Vcntn-Vthn) 

- (1 9) 

1*2 0 J 30 

A I I pi I = I I pi I X 2 A I Vcntp I / I Vcntp- Vthp I 

- (2 0) 

[0 0 7 8 ] Ini=l 1 pi I = I , *#!SLT. SSIS * 0 ) 5££ttAUT ZttbZ i. #©SCjW#e>*lS. 

i K«ctm«Gu ^x©g5s*^s < -r sfcfco^ft^ [0079] 

(10). (11)5C. (16)5. (19)S. (2* [&21] 

AVcntn% {An /(An + I Ap I ) } {( V cntn- Vthn)/V dd} AVdd 



(2 1 ) 



[«2 2] 



A I Vcntpl *s { I Ap \/ (An + I Ap I ) } {I Vcntp-Vthp I /V 
dd) AVdd 

••■(22) 

[008 0] IPS. m^H©^afr#&o/c<t£tC. n ♦ /hS<T'*£. 

NMOS©Wfc*h9>^**©y-^-X|H*Efc [0 08 1 ] *fc. 3Mft0fcaB828«K«»>'-f* 

«. {An / (An + I Ap I ) } {(Vcntn-Vthn) ©&«?£*£ < "TS/c*©*^ ( 1 2 ) K. (19) 
/Vdd) ©SJ^r7 *-F-»<» *1>-C. pMOS©tiSiE SC. (2 0 ) SvSrttAbT£t«>*t. %£tff§ £tt 
J®h5>^^*©y- hV-XiBNIffitCtt. { lApl 5. 
/ (An + I Ap I ) } { I Vcntp-Vthp I /Vdd) [0 08 2] 

©fflirc-7 4 - fx » ??n\tmmrgi<D%M*#ni<c+ m 2 3 ] 

{AVcntn/( Vcntn-Vthn)} + {A I Vcntpl / I Vcntp-Vthp I ) * 
AVdd/ Vdd 



(14) 
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2002-50945 

26 



(2 3) 



[008 3] CCT\ 
[»24] 

AVcntn^An x l( Vcntn-VthiO/Vdd) AVdd 

(2 4) 

[t*25] 

A I Vcntpl *?Ap X { | Vcntp-Vthp 



[0084] 
An + Ap ^ 1 

[0085] ^ + *.«/gge83$*Jli^fctt-f 



[0 08 7] 



I /Vdd} AVdd 

- (2 5) 

10 -KtCAn * I Ap I ilt. (2 1)5$. 

(2 2) 5£&CttAT*<t. *SC*5»6ti*. 
(26) [008 6 ] 

yfy-^UV* [«2 7] 
AVcntn%( 1/2) {( Vcntn-Vthn ) /Vdd} AVdd 

- (2 7) 
* 5K [&2 8] 

A I Vcntpl ^( 1/2) { I Vcntp-Vthp I /Vdd) AVdd 



^<tfe (2 4)S, (25)jS> (2 6) iScDRH* 

[0 08 8503 ICjjkfmimd&titto^-C . ®8iSJ£<D 
^«j£^-f T*^l£. $!J®imEtc®^^S!l^ 
•CttJ^-r-SACW^C^ISiL/'C. nMOSOmiifejiBh^ 

* * /n-*> * c sn^tt en, mas -5 > <t orates * ^ 

IC * * / 1 • / £ C dp** & W 6 *1 . &«fe 7 ■{> t OH K * + 

£ c spjWKtf e>*rc i> s. 
[0089] a c w&jtos^sk itin mimoffl® 30 

&t#J$ 3*i£^ + -?tf> *HHW>H«J*T*»>< » X 
«cJp||t^SttDCWi5c«**i»S«tir>©'e. TO^-fX 
A XO»4»to -3 fcfltcttWfWl i ft * J: 5 <c*«-ttW 
[0 09 0 ] 06£07«. -K-f TXBSStACffrttJg 

*R©w«*ij*T. a c wsn^^^JfflimJi 5 -f > £&«fe 

^-Y><i:©raiC^e>n/c^ + ^'>f Cl ftJSBISEE 40 

5 > i sas^ > t ©ibkrw enfc+ * c 2 

0^ff-T'tTftt>*l-5. ^a?.^I£VddCCAVddCD^SiJ#<fc 
-^cifSi, 06 (a) (c^<£ Sft^ffilelSSK^-f 

[0 09 1 ] AVbstivS^y^IelSgtil^ffVbsO^ffe 
•C. Rout te^Txiisgoffi^ffiftrfc*. C©3?fflfi 

iHSgJi. AVbsffliJ. BP%. ;>V7X088©Htf3fflJ#»e>Jt 
htfO<»;«7 ^;l/^-C*0, {C2/(Cl+C2)} 
AVddflPh BPS. SaiSEV i<) ©PJ&ffliJ^6M.ti«^>f 
AX7^JU^-C*-SO-C, TAC = Rout X (Cl+C 50 



- (2 8) 

2 ) tLfctZ, l/TACOMS^KLt, 

{C2 / (CI +C2 ) } AVddCDfJIffrt 1 
jgaSIS©ig^ffl l J-CAVbsffliJ(DSJS*5fl^ift 

[0 09 2] CCT. a^>>^7Tilj^B$©Siia^^X 
©i}|£ t nsi Ltcm&> <!KVM% 
[&2 9] 

TAC = Rout X (Cl +C2 ) >tns- • (2 9) 

y/x©i«*«*-r**. 

[009 3] <i*Blt*.S!slSSa>e>7 f Xff-Sf-S „, 

fflffif&EEt bXAt)ttm-^U, Rout = <»£JMrtf* 
©T\ Cl +C2 ©ffitt^-X? -f +>*i'it t 

LX&Mirtili&< . Cl iC2 ©Jtte#ffeWcftt,>& 

[0094] ^{iACttflng^tS-C? -f- F><»*T 
^©i|5IDJ:^«:. DCtfjJjDJMMaKfcOTk? -f - K 

;s ?-r s c i ict o . maf.> x©«aa»BR»*j* * 
^©^^■r. Acwan»*e«Dcw»n^©oxf- 
ssicp^iffift < -m.<ov a - 7 ?mzm&-rz>c t 

[ 0 0 9 5 ] B 8 tt. ^©SSHifg^ffll^cmilfPJP 

Z>. @8iCfc(,»-C t Wi 7ii«jSy-fX*Jftl»tB^©^5 
a U - *s 3 . W2 -/ -< X*«* i«-^©fi£ 

>3>iS?Jf5-C. W3 ^iS^-YXAi* 



(15) 
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(SM § n & c i *^ h a>r * 4 . 

[0096] gf2©ia8affll 10 
i9lt #jt*6J&!|e©a3i @8S©3r 2 (DHSSfll^TIal 
JS@T*-5. 0^©<k5(c> c©aSI3S§Jc*J<< i 'C. a 
0 0b«MOS-f>^<-^tjMtRh-7>^^^S 

[0 09 7] MOS <f>^->tt. haO f FU-f> 
PJ±j^*i«aiSI*3iTT:ir»*pMOS H5>^f i 
nMOS h^^^X^tC^or^RRStl-Ct^. y- h 

>m±<om to&p* © -r > * ©m^as^ fcj&sR it 20 
t,>s. @ 9 tc^-r-t ^> ^>^-an nv 

tt8fc9lh?>&'**P 1 

i*««Ev dd £©iHcc. w*«h?>y**p 1 3*3 

ffifcStlTHS. -f>/<-iHNVl**«t5nMO 

s h-7>^^^n 1 ©v-*££agst4v s ,£©racc. 

jBWH5>y^f N 1 2i«i*«b5>y^f N 1 1 * 5 
■MffiRStl. h5i?**Nl©V-*£WW«* 

I„ = (1/2) MCox(Wl/Ll)(l + Al 
+ (1/2) u C oxCW2 A2) (1 + A 2 
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[009 8] SSSP 1 0 0 biC*5L>-C. &aS£&-rte*s 
l? & P ? * ^ Jl/ffliJ© SifiiS F?> *©y- He. M 

**©y-Hc. iwaHtBEv« 11 #Bfljn3*i*. P 

f * JUMHR h 9 * ©y- I- KjSiRfg#/S E 
LHsMSPtHSfi. N ***^ffJ»JI?F **©*'- 
hKiHRfi-^SELH^EPSnStii. CCt, / 

S E L H ttft# S E L H©f&SJ5fc<I-Sf Sr^t" tt 

[0 09 9 ] c©J:S(cl»fiJtS*rtC»*««»l 00b 
KteHT. a&fl»tC|£CT. #a«S©a«*?K« 

KSHtifctf29 9tcM0-C&&. «*.«. alRlf-^SE 
L H ifip - KJWD t * . SiiiiSCjKS^tcfcK 
r. — ^©m^h^^**©** 1 ^^"^^ 
iKCC, 3MJR©#SELH*5^^U^^©i*. 

[0 100] CCT. WiLtf. *aK8BC*»l»'C. -f > 

Cft6©«*»l-5>yx*©lMX + 
*I/^ + *;U:B) fc-ttl-eftWl/Ll . W2/L2 . • •. Wit/ 
Unit" -St. -f ^K«*&SilSlB»S«E I . t*. 

[0101] 
[«30] 

Vds)(Vcnt -Vth)»*2 
Vds)(Vcnt -Vth)**2 



+ (1/2) yCox(Wii/Lin)(l + Am Vds)(Vcnt -Vth)*»2 

- (3 0) 

[0102] Sfc. ***JWS93MM»Ai . A2 . *©ifi<K5£W#<E,n4. 

Am 2)Vj\£t>©r. &^Mh7>i;X*©^ + * [0103] 
JUfi^S@<&&£3|L < Ai-T-St. ( 3 0 ) (Ci-5**« l»31] 

I, ^(1/2) a Cox U(Wi/Li) ) (1+ AVds)(Vcnt -Vth)»*2 

(3 1 ) 

[0 10 4] (13) 5*. (1 4) •££ (3 1) &Ztt 40 
■»t/tfc, *»«©«« ✓-TX©IB«©{SiiWtt 
[0105]g3©M^M 

HOB. ^MBl&<D&}m&®&3<D®&W*7K~f' 

jms&MT&z. 0^©^^^. c©as@8SK:*j^T > 

ajggBl 0 0 cttMOS ^>^*-*©ad 
^jis^cc^i^s tm> * h 5 > * s ? a > y- h t * 
+ /<s/ ^ a> e -2>it»©a?2©K i ■» -c^eJES nt i» 

S. HP%. *^©ilSgP 1 0 0 c B, l»to«9>*S/f>K 50 



[0106] SjH«EV ld t*»JfflHa# A^J^Tcntnt 
©ffltC*+^S'*Cdn*S8&ffi3*rtl,»4. rtisZC- 
(tiOCjc^-C. SiSSEV dd ©^S6AV dd *s*(JW«EVcn 

««*EV id ©8ttli«:i6i;'C*asa«:flttdSn* 

$uaimBEVcntn*s*ij®$n. «jg>«E©^»Kj:ias 

y^X©i*S*J£p$UT-#5. 
[0 107]^t*J. h7>^i'/^a>y-KJ. 



(16) 



2002-50945 



29 



30 



A#$*X*f&|ffi!^EVcntnJ: , 3 F7>^?©l/tt>lii 
mJIVthn ^fit^U^l/V cntn- Vthn $-Cti*>l/T 

l,$5„ tfc*i-o-r. Vcntn-Vttin fc^fCtz-C-O^ 

M©SS£Cs . ^S©y- hA*J©£**Cq iT4 
t, -O^'-^CDtti^lSJI^Vcntn- Vthn felT©i# 

^SE* 5 V cntn- V thn &L±<D tit it. C q ©fil?*§S 
i&SESftT-SCiKttS. flJiSmEEVcntnfcW'^UCj:-? 
-C»fcl>Cq +Cs ©fi55SS£!E«rr*88R!J<t«l,>C 

q o%ffi^m*mm-t z>m&<D^&®fr*) . mme 

Vcntn#i&<fc&t. S/cVCq + Cs ©fl^«?rlg 



KiJ;or«a3*ai. H10©«ttt. SiIJ£fa©-f> 
y- h » . h COWWME V cntntfEPflD 3 tl 4 n M 0 

[0 10 8] 01 IB, + > h§83!e3ft j f-a»6&£il 

RK*rt>T. -<>^-*©a*» : f-i»»«tiV„i© 10 
|H1(C. »ttih5>^3?f«>y-h4l/t©nMO 
S h5>J***£**><^*#it7UiStt3iVCl»5. h 
5 > *J>7< ZOV-Y CC$IJ®mE V cntrtfWflD $ tl $ 
WMEVcntntCjSDr. h 5 s^a r* 5 * 

L . -/ - *©tH2lM?- ©fi?5 ®M&&it? 
2)©-C. il^lHlJWWfPStt-S. 0121*. A^fl"^ I 
N©:£i5±#9B$£;£VF#')B#©V*> H2iI®fS© 

twefc^f jS9B0-c&-5. itfHftJBtt. fttemob^y 

b ^^^©iWftl^JE V cntn© U-<;UC J: 9 2 20 
jSO^OT**. 01 lRtfiai 2*#J«0o 

o, *W©jBffiHHS©»fftc-5i'»"CKW"r*. 
[0109]*f. h3S©SeS©B&fP*18#K 

Vthn (V,.) = Vthn0+K (V», + *> -V*> 

- (3 3) 

fc/cU V s .=Vsmax-C*-5. 

[0112] Vsmax=V cntn- Vthn ^VthL ©*£\ 
^©SCJWfiJCSTi. 

[«3 4] 30 
TniocCq X (Vdd-VthL)/ I ni- (3 4) 

[«3 5] 

rpioc( Cg XVthL +Cs X Vsmax) /I Ipl I 

- (3 5) 

[0113] (3 4) Sti (3 5) 5£tC<fcr>-C S^K* 

Ami*? mix [ {( A Vdd- A VthL) /(Vdd-VthL)) 

- (3 6) 

[»37] 

Arpi^rpix [ {( Cq XAVthL +Cs xAVsmax) / (Cq xVthL + 
Cs xVsmax) } - (A I I pi I / I I pi I ) ] 

- (3 7) 

[0115] Vsmax=V cntn- Vthn ^VthL © ★ [&3 8 ] 

rnioc {Cq X (Vdd- VthL) + Cs X ( Vsmax- VthL)} / I ni 

- (3 8) 

[& 3 9 ] -sir &02&fifr*>tl&. 

rpioc ( Cq +Cs)XVthL / I I pi I - (3 9) [»4 0 ] 

[0 1 1 6 3 (3 8) Sit (3 9) SWcJ:-9"C. 36(C* 

Ami* mix ( [ {Cq x( AVdd- AVthL)+Cs x (A Vsmax- A Vth 
L)} / {Cq X (Vdd-VthL)+Cs X (Vsmax- VthL)) ] - (A I ni/ I ni 



coiio] ttfe. &w*L-p?<vz>tc#>. motee 

© h 5>s?**©0*i,»SI£ 1 ia?l%©U-^JL'*^«: 
[»32 ] 

Vsmax=V cntn- Vthn (V 5 .) - (32) 

[01113C C-C. K <t> = 0 . 6 4 

V. Vthn0«V s .= 0 V©££© h ^ £©l/*l> 

ms.tr zt> j&tffi&titiz. 

[833 J 



5K?fc©5S*»f§6ft*. 
[01 143 
MRS 6] 



-(A I ni/ 1 ni)] 



) ) 

[»4 1 ] 



(17) #532 0 02-50 9 4 5 

31 32 

••• (4 0) 



ATpi^rpiX {( AVthL /VthL)- (A I I pi I / I I pi I ) ) 

- (4 1) 

[0 117] CCt. 4>;<-*<2ag|gb£lvJiJIVth * [SS4 2] 

L it. 5 6*i4. * 

VthL = [Vdd- I Vthp I +Vthn x./ - { ( //nWiri/Lni)/ (/ipWpi/Lpi) 

} ] / [ 1 +V~ { (unWni/Lni)/ ( w pWpi/Lpi )} ] 

••• (4 2) 

[0 118] (4 2) 5£iC<fc9. 3«*s»6*i*. * « 1*43] 

AVthL = AVdd/ [ 1+V" { (MnWni/Lni ) / ( n pVfc>i/Lpi)} ] 

- (43) 

[0119] SHjffiimEEVcntnCOt 0 5 ift^WS ★ VthL * 0 . 4 4 x Vdd -(45) 
WME.Vddt-f Z>t, Vsmax=Vcntn-Vthn C$4 6 ] 

6. Vsmax ©i0^4i*OSE«, Wl. 0. 7XV AVthL *?0. 4 1 XAVdd -(46) 

ddtft-s. c©*#. ^*>hsas£@i{S*ssi-r4*i [o 1 2 1 ] ^>^-^©ai^sE*JvthL ffis*r£ 

£ ^^-^©iSiL,^ UffimUVthL *Vdd/2 J: <tl/fci*«Ctt. Ini. I plfcWMSWifc***. 

[*4 4j C«4 7] 

{ UnWni/Lni)/ (MpWpi/Lpi)} =2- (44) Inl«c(V2) M n Caidnl/Lol) ( Vdd-Vthn)**2 

[0 1 2 0] Vthn % Vdd/ 6 -St. -(4 7) 

<42)Si (43) 5£«. -eft-en^osSKasGi-e* [&4 8 ] 

[|![4 5] * 

I I pi I °c(i/2) I up I Cox(Wpi/Lpi)C Vdd- I Vthp I )»*2 

- (48) 

[0122] <4 7) (4 8) *J:«J. 
[&4 9 ] 30 
A I ni *? I ni X { 2 A Vdd/ (V dd - V tin) ) 

••• (4 9) 

[Sfc 5 0 ] 

A I I pi I * I I pi I x {2AVdd/ (Vdd- I Vthp I ) } 

- (5 0) 

[0123] *fc. (44) jSOiKtKck K) . 

6h*. 1*5 2 3 

InJ^2x I, 

I I pi I I , 40 

••• (5 1) 

[0 124] *fc. (3 2) 5£. ( 3 3 ) 5£ J: •) . ^-tfr 

AVsmax=AVcntn/ [ 1 + K/ {2V (Vsmax+<*>) } ] 

- (52) 

[0 125] mmMSkimKltO. 5Su?£<Dffi-C&«3. *Cfc«>. Cs^OxCqil^^t. Vsroax=0. 

VsmaxtSO. 4 4 x V ddWafiO«t!* * C i * 3 4 xVddZ>»££. Vsmax=0. 5 4 x V ddCDig^tC 

i« (52)iC«. X.OXSlC&WLZtlZ,. OUT***. $/c Vthn*? I Vthp I * Vdd/6 it- 

^S 3 ] Vsmax 5 ? 0 . 8 5 x AVcntrv (53) £. 

[0 '1 2 6 ] W> hSCDilSI20«^«ft?§i?fS:ffi* s [0 1 2 7 ] Vsmax= 0. 3 4 x Vdd^VthL = 0. 4 

gcp-cgfoSfctf). cfttt±. -tSff)K:#;t*©ttES£ so 4xvdd©ig£, (3 4) 3>6 (3 7) 50c. (4 



33 

5) SC. (46)5S. (49)^. (50)5$. (5 
1 ) 5S. SC; (5 3) 5$£ttA? <fcD. *<D5£ 

[0128] 
[&54] 

rniocO. 2 8 xCg xVdd/ 1 „ -(54) [8573 
[»5 5 3 * 

ATpi^rpix [ { (-2. 2 9xAVdd+ (2. 2 1 xAVcntn) ) /Vdd 

] 



(18) &H2 0 0 2 - 5 0 9 4 5 

34 

*Tpi°=3. 8 4 xCg xVdd/ 1 D -(55) 
[0129] 
[»5 6 3 

Arni^rnix { (-1. 3 5xAVdd) /Vdd) 

... (5 6) 



[0130] 



(5 4) 5$*>6 (5 7) 5£KJ:9. #5$** * 



- (5 7) 
[&5 8] 



Atni + At p(i ±1)«= {( -9. 
} xCq/Io 



1 7 xAVdd) + (8. 4 9 XAVcntn) 



[0 18 1] CCT. Arni+Atp(i ±l)^0it4 
[«593 

Vcntn^l. 08x Vdd -(59) 
AVcntn^AVddi L-C. ftJW^VcntnfcSiKmffiV 20 

dd©^«iK^to-&-c8S h Ltcm-s. mms a x©iaf * 

<9. 17-8. 49)/9. 1 7*?7%K:<g$if6C 

[0 1 3 2 3 Vsmax= 0. 5 4 x Vdd^Vthl = 0. 4 
4xVdd0fc§£. (38)5^6 (4 ★ 



- (5 8) 

★ 5) SS. (4 6) 5$. (4 9)5$. (50)5$ 
1 ) 5$. Rtf ( 5 3 ) 5£*ftA-r *C £K J: «5 

[0133] 
[*6 0 ] 

TniocO. 7 8 XCq XVdd/I „ 
[«6 1 ] 

Tpi°=4. 84xCqXVdd/I D 
[0 13 4] 
[8623 



(5 



(60) 



(6 1 ) 



Atnv 
dd] 



rniX [ { (-4. 6 5 XAVdd) + (5. 45 XAVcntn) } /V 



[«*B3] 
Arpl^rpiX 



{ (-1. 4 7 XAVdd) /Vdd] 
... (6 3) 

[0 13 5] (6 0) 3>e> (6 3) SSKcfcO. SSCCtfr 
Arni + Arpd ± 1 )<*{(- 1 
tn) } XCq / I o 

[0 1 3 6 3 Azni + Atp(i ±1 ) - 0 £-$-2>tcMC 

[&6 5 ] AVcntn^ 2. 5 3 XAVdd- (6 5) 
AVcntn^ AVddi LTT. $IJ©mEVcntn*^i®mjIV 

(1 0. 7 4-4. 2 5)/1 0. 7 4 ^ 6 0%(Cfi?|i 

[0 1 3 7 ] j£Lb£££tf>&t. + > h S©SIJ§KK: 
^«ffl© h 5 ? •> a >y- h AiNMO S 
h7>^*3»©lS^K:». fflfflMK? 4> t&m? 4> 

<Dh-5>*5 •>->3>y- h#PMOS b-7>^X£© 

-recta*?**. 



- (6 2) 
30 [&6 4] 



0. 74XAVdd) + (4. 25xAVcn 
- (6 4) 

[0138] mzmmmm 

M»c £>•*>. ^jUs^sioiismSTB. -en-ens 
40 TlBSiti^jfL^i^-r £ c £ ic J: o -c. miP-MXttj:* 

[0139] 0^©<fc :*IIM5S§©jI5£|5IS&B. 
5. -SilSISB. WAtf. X-f H5>^X** 



35 



1„. I.,. -. I„^t4^«WJtC^3 

[0140} § bic. -tn*ti©«aawc{*»ftc*«» 

{tLfc*§£. &®fci8Uc^*ve t «-iA 1 AI ai , -. 
AI«,&CfAI„. A I.,. AI„©^40fc 
ttZt. AI«/I«*AI„/AI«, -. "AI 

HU<. AI„/I„*AI,,/AI„, 
-, *AI„/I,i. 

[01413 «^^>WJ©l5B$(c:i->l, , ri,»£>«j*iK 
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* I d = £ 1 d.fC**. *©£{tffi». Aid = X A 
Idiifc*. — ««9-f>«©H«lK*>^"C''»* 
«at»©«»©fP*<lH*SC*T* O BS©Sg«jS?£ i ft 
<). BP%. I s = Z I si. *©gEftfltt. A 1 s =ZA 
I siifc*. 

[0 142] CCT, rofi fcjMSSatfjSEVF***)"* 

©aettn. Ton *s&©W;ft:£%±* J| 5i$©a5£ B * 

IHt-f£>i. 1©^EVddtCAVdd©^tt* 5 *^^i# 
fc. fltfie® (6) SC. (7) *iBCJ:9S!PW**«l 
10 tt*. 

[01433 
[86 6 3 



Arofi =rofi [ {C AVdd-A VthL)/( Vdd-VthL)} -( £ A 1 si/ 
£ I si) ] 

- (6 6) 

[«B7] 

A Tori =Tori {( AVthL /VthL)-( ZA 1 di/Z I d.i) ] 

(6 7) 

[0 144] Arofi ^OKtfArori ^OtTttcH) *-Srf£ <fc 5KWtrtl«ftO. 
Ktt. ffl;WMfl©ffi*rtt&3MUi <«»ttff«E©4B# 20 *. 
tt&3Eft*AVddSC«lAO <b®fcil©11ifciil©*n©tl [0145] 
fctttfcSMM (IBtt*i5S©ffl*tW«c^tfttC^OlO [«6 8 ] 

{( AVdd-AVthL)/C Vdd-VthL)} =( IA1 si/Z I si) 

- (6 8) 



BP*5. #©SC#f#6*i 



[8693 

( AVthL /VthL) = ( 2 A Idj/2 Idj) 

»• (6 9) 

[0 1 4 6 ] Z I si-Z I di- I 0 , VthL ^Vdd/z 
©*§£. ( 1 2) SC£I3««:. 

AVdd/ (Vdd/z ) ( ZA I s.i+ ZA 1 d.i) / I „ 

[oi 4 73iai4«:. *mw&i&<D=mM'&<D-w* 

SStt, 3SSP2 0 0. £ifeJn»H8S (AC3UJIBK) 1 
10, 112. 114. 1 1 6KJ:-5"CllfiS34rClr» 

«EEV..,. 1. V..,.1.'V.;,.2. V £ „ t .2*i«&i* 

n*. 

[0 1 4 8 3 iiSSP2 0 0 HE. «*.«, eSW^SftT 
<0«ifiHBI*#itA:l»«R«fflr-%*IH*-r*. ««SX 

•^©a?iB$ia©^it*s®ia52 o o©ie«ht, 
a. 

[o 1493 Acanniassi 1 o. 112. iuii 
ss»jc»f3e©««[*»wws***n-etiAV, 1 , 1. a 

V..1. AV tn 2. AV t „2<hLTHi;tlb. tUTZM 



U 1HIMM»*«»«E£ 0"Ca»» 1 0 0 h 
[0 1 5 0 3 iiSSP2 0 0tCtet>-C. -SSIilStiMOS 

US. tfliU*. E7n©J:-5tC. 1 figOSSgtS. pM 
30 OS h5>^?P 1 inMOS h9>^X*N lTi 
*tSlTtl»*-f 1 NV 1 . A 1 NV 1 

© P + * ;WH«:«»* WAT 4 ®S© * P 

11. pi 2. Ai"*--$ 1 nv 1 ©N^ + ^uffldtcS 

[01513 P h9i/S?**P 1 1® 

ffiwaHR h7>^fNi 1 ©y- h tc. Mflncsv 
40 j»na.sti. h7>y^fN 1 2©y- ntcwaw 

[0 1 5 2 3 Uc«Mi**T *«H»2 0 0 tcfcU 

■t. #sss©jffiSNFia». -en-eft©*!®®©-* 

-arKmteSftSWWC^-tMWSft*. *f6^"C 

». *ft*ft©a^«e(M&s ft 
x©US4lfli*iJ-c*4. 

[0 1 5 3 3 ( 1 9) SC. <2 0>Si©HftJ:»). (6 

8 ) sc. (69) sci*. m 1 4 tc*fj£ufc»cc. eft-e 
so ft;*©.* 5 e>ft*. 



(20) 



37 
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[0154] 



[«7 1 ] 



* * [»70] 
{( AVdd-AVthL)/( Vdd-VthL)} 
= (X [ {2xi si/ (Vcntni -Vthn)} AVcni ] /X I si) 

- (7 0) 



[0155] S6(C. 
i AVdd. A I Vcpi 



10 



20 



( AVthL /VthL) 
= (X [ {2X I pix | Vcntpi -Vthp I } A 

- (7 1) 

H 1 4CC*Jt» - r, AVcni =kcn 
I = kepi AVddT?£>9. mc. 
VthL ^Vdd/2. Vcntni ^ I Vcntpi I ^Vdd/ 
2. Vthn ^ I Vthp I Vdd/6 £T£ £ . (70) 
5S£ (7 1 ) 5££©KH*W:. :*UC7jrtJ:5K:. kcni £ 
I si. kepi £ I di©#-C8#f*f C£#-C#£. 
[0156] 
[»7 2] 

6 x Z ( k cn.i x I si) *i X I si - (72) 
[»73] 

6 x Z ( k cp.i x I di) ^ X I di -(73) 
[0157] ( 7 2 ) 5££ ( 7 3 ) 5&EtDU:ie©{K£* 

[0158] W%.\*. 4\ kcnl =0. kcn2 =0. 5 
£07c££. (72) Stl 6x (Oxlsl+0. 5X 
I s2} % { I sl+ I s2) £&D . ,( I si/ I s2) % (2 

/ 1 ) -CRtfrtitfJU*. 
[0159] $7c. kcnl =0. Kcn2 = 1 . OtL/fc 
£*. (7 2)SC». 6x (Ox lsl+1. 0 x I S 2) 
*f { I sl+ Is2) £&*). ( I si/ 1 s2) *» (5/1 ) 

[0160] $7c. kcnl =0. 05. Kcn2 =0.5 
tbtcttf, (72) SCti. 6X {0. 0 5xisl+ 
0 . 5 x I s2) { I sl+ 1 s2) £& t) . ( I si/ 1 s 
2) % (2. 8 6/1 ) -CKttTftttAO. 

[oiei] m 1 OlElggffl 

m 1 5 »*^«:^4jEgBK©^2©||*fe^)SI?:3Sffl 
l/7cl?l 1 ©iaSSW*^TIS88ia-t:'*S. H^©<fc 
#0<l©iIJ£|3]&&li, iISSI3 2 0 0 aSD c ^g[iiS2|J2 0 
0 a tcfM®«J£& £ t» tt>< -Y 7 X *E%ft*&f * A C 1JQ 
J**a«:j:or«fiJEStiTl»*. SS82 0 0 al2. « 

>V>XZ&mi 64VC -< >^'- *^©iI5£&K: <fc -o 
-CfitfiSStl. «^®©J|Hj®^ffi*£l,>tt;'WTX®I£ 
L/T. Vcntpi. Vcntp2 . Vcntni. V cntn2*M£i|& 

[ o 1 6 2 ] mm. mmvmmmicto^T&m? 4> 

MOttftStt. Vcntpi #y- hV-xraK!A*$4l. * 

AVcni = {Cdni / (Csn.i + Cdn.i ) } AVdd= kcni x Vdd 
{3U kcni = {Cdni / (Csni +Cdni ) } 

- (7 4) 



Vcpi I ] /X I di) 



* K-7>^^^tf^X*5Wpi/Lpl©PMOSSij£jlSh-7 
>is?.ZP 1 1 £. Vcntp2 h V-XPb1K:A7J5 

tl. h^>yx^*^X*sWp2/Lp2<DPMOSS^ 
h?>i?;**p 1 2*«aEW«:SM)kLt:t»*. 

©jffi^©***^ Vcntni **y- h 

V-*IBK:A#S*V h9>S?**lMX**Wrci/Lnl 
©NMOS^jji«8ih-7>> ? X£N 1 1 £. Vcntn2 
- h V-X|ffl(CA2><**l. h^>^X*tMXa*Wn2/ 
Ln2<DNMOSmiJSjSh7>yx^N 1 2 rt^JtCjglfc 

[0163] TX«/IVcntpl . V 

cntp2 . Vcntni. Vcntn2 ©*&£■? -OlCtt. «®« 

JB*¥RjWRW6*vCI»4. Wittf. ffl©©ili£f8&c*i 
l»"C. ±IE©h-7>^^^N 1 1 ©Vqs&C*$W-£AVcn 

1 OtE^aStiACW^gB, NMOSl©y- 

Csnl iN 1 1 ©y- hA^-f >£«<)£ -7 ©Pal &C 

swenyt+i-^'^fCdni tciSACWtt^jsaiK-c 

tilS;**!. h7>'^*N 1 2©VqstC*$WSAVcn2 
«MtE**nJ»r*ACW35c*iai3:. N 1 2<Dir— YKt) 
? A > £ gift -3- -Y > £ ©ffltCKW 6tt7c.* +• 'lis $ C sn 

2 iNi 2©y- hA^^-(>£«iia^'f><i:©ra^s: 

W 6 ft7c* + # C ch2 & A C ffJft#IBII88-C# 
[0 16 4] h^>i>X^P 1 1 ©VqsKfcWSAVcp 

i ©mEE*jn®-r^Acw#i3«. p i i ©y- bA^i 

•5 > £^jS7 ^ > £ ©IBtcSW e>nfc* + * C dp 
i £P1 i©y-hA#5-0£JSJfl25-Y>©r.3K:ta:W 
/c^+^'^^Cspi KliSAC^EIslSS-CttJSSn. 
h7>y^$Pl 2©VqstC*5^-5>AVcp2©SE?rEP 

»nr-5>Acw^st*. p i 2©y- yxtj^-ot^M 

7^>©P B 1KlS:W7c+ + -'^>f Cdp2 £P 1 2©y- h 

a* ^ > £S«i7 -{ >©raKiaw/c* cs P 2 

[01651111^. ^I£|51BgiC<fco-Cf#e>tl7c*IJ®«IE 
t«74] 



30 



40 



(21) #820 0 2-5 0 94 5 

39 4 ° 
[0 166] * * [»7 5 3 

I AVcpi I = {Cspi / (C*i +Cspi ) ) AVdd=kcpi xVdd 
<IU kepi = {Cspi / (C*i +Csp.i ) ) 

- (7 5) 

[0 1673 ( 1 9) 5£i (2 0) 5£©M&J:D. (7 *n*©<fc 5 Ct§S&*.6n*. 
0)5*. (7 1 ) 3£«. 01 5(C*ttt.L/cTI5K:> *in?X 1&76) 
{( AVdd-AVthL)/ (Vdd-VthL)} 

= 21 {(Wn-j/Ln.iX Vcntni -Vthn)AVcrvj } /X ( CWrti/Ln.DC Vcntn 
i -Vthn)**2 } 

- (7 6) 

[0 1683 ★ ★ t«7 7] 

( AVthL /VthL) 

= 21 {(Wpi/Lp.i)( I Vcntpi -Vthp I ) A I Vcpi I } /X ( 0*>i/Lp 
i)( Vcntpi -Vthp)**2 } 



[0169] ±te© (74) (77) a^rSST 

[0 1 7 03 (3) (2 8) -K,<Dm\iiMm%&3Z 20 

AVthL * s ^6&l 1 'ia'Cfe. VthL^Vft 



- (7 7) 

iRr-*tltfHC»lg^^«. (7 6 ) 5£i (7 7) 5£©£ 
2», AVdd/VddtCg^it-rct^Bltfe-C*?.. BP 

[01713 
[£ft7 8 3 



i 



(AVdd/Vdd) 

= 22 {(Wni/Lni)( Vcntni -Vthn)AVcni } /X ( (Wni/Lni)( Vcntn 
-Vthn)**2 } 

- (7 8) 



[&793 



(AVdd/Vdd) 

= 2X {(Wpi/Lp.i)( I Vcntpi - Vthp I ) A I Vcpi I ) /X { (Wpi/Lp 
DC Vcntpi -Vthp)**2 } 



[0 1 7 2 3 ^2<DB8S^I 

Ufcm2<DBSg«*J : fcjjrrB8§Ht?£>-5„ 0^©<fc5{C. 
#PI©iIJ=[51SS«. 0 1 5 ICTjkTXmffif&tfeVn 1 ©0 
Sg{*J£g& 2|s:{FJ<DilSI=18S(C*$t»-C*iJiaimjE* 
*t>«AW7*»E<!: I, Ti&i&Sft*) Vcntpi . Vcntp 
2 . Vcntni . Vcntn2 ©5%. Vcntp2 iVcntn2 iC 
OOTtt. ACfi^^S^^etl-Cl,^^. Vcntp 
1 £ Vcntni KOl^-Cl*. + *;s*>£©#EK:<i:£AC 

fl^#*f3#tatf6nrt>£©r«:&<. &w&ee<d%l ao 

&©* + /^>£ Cdpl . Csnl <OfrWttfh*lX t? 

[0 173] h^>^X#NMl l©VgsK::fott£S® 
mEO^«iAVddK:<t4ij^^LtC< <fS^I5<t 
LT. Nl l©y-hA*7-^>i®ltt7>f><!:CD^«: 
* + ><i'*Csnl ^aW^ntfcf), H5>^^*P1 

< <T**«il/c; P 1 KOy-bPJj^A^t^M 
7 4>£©ra&C*W^#Cdpl J^fSttfctvTV*. BP 50 



- (7 9) 

% t AVcnl=0, AV c p 1 - 0VS>i. COtc 

A*3n*3r$SESfctt;-W7*SEVcntpl <b 
Vcntni «. «B*EV ig <!««jK:J:SK»**W*C 
£ft<. 35=3(52 0 0 att&ite 3*1 
[0 1 7 4 3 3I&S52 0 0 atefcot:. fi&Rtf. #}©© 
iS5=l3T«, CMOS-f »<- * ©IS? >f >fflijtcffi^ 

$nrt^-2>s^iSh^>^^^P i i©y-Kc «iw 

^EVcpl = Vcntpi JMEPflDStl. «SS»h7>^** 
P 1 2<Dy- l-K. flJ©mEVcp2 =Vcntp2 +AVcp 

2 a^pjinsfts. — 2f. cmos-t^-*-*©^^ 

Y t,C > #J©mE V cnl = V cntpl £ ft . Sift® h 

5>i/7j!Nl 2©y-HC. «W*EVcn2 = Vcntp 
2 +AVcn2 #EPflD3ft£. 

[0 1 7 5 3 h-7>^X*N 1 2©Vk s^CACWtt 
fln©#IS«> N 1 2©y- hA#9-f>&J8»7-f>£ 
<QffflK:i2:We>ft/c* * C s n 2 £N 1 2©^- h 

a^j 5 -(> t mm.? > <t ©IW icSW *>ftfc * + > £ 

Cd n 2*>6fr£ACttfc#E®SgT«E£S*l. 

P 1 20Vg s^©ACKlftM8*Stt. PI 2 
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<D>?-\-AJl?'<>tW.m7J>6<DfflK.&tt?>fttc* * [0 176] 
+ ;^Cdp2iPl 2©y-hA^-7^>ie«l!7 [&80] 

^4©WK«»6*lfc*t^j>C s p 2*6ft4A AVcn2 = {Cdn2 / (Csn2 + Cdn2 ) } XAVdd 

©g£i)AVddK:«i:-?-CfBH8I^EVcntn2 £Vcntp2 tC-^ [&8 1 ] 

*.Sii§AVcn2 £AVcp2 «. -**l-e*l&SWC«fcoT 

I AVcp2 I = {Csp2 / (Cdp2 +Csp2 ) } XAVdd 

- (8 1 ) 

* + ^> *Csn2 , Cdn2 &tfCdp2 , Csp2 10* [0177] 

ACBWSi D C Wtt»ffi*»-HEW* J: 5 ttttCCKST [» 8 2 ] 

*. bp*. ;xsejw#6n*. * 

{Cdn2 / (Csn2 +Cdn2 ) } = (Vcntn2 /Veld) 

- (8 2) 

[«83] 

{Csp2 / (Cdp2 +Csp2 ) } = ( I Vcntp2 I /Vdd) 

- (8 3) 

[0 1 7 8 ] Ltc&iX. AVcn2 <LAVcp2 B. ★ «fctf(8 4)5$. (8 5) (7 8) Si (79)^ 

[88 4] 20 *h9>J?^3f9--fX©Jttt. *3G«CJ:-9T**.&*i 

AVcn2 = (Vcntn2 /Vdd) XAVdd- (8 4) -5. 

[#85] [0180] 
AVcp2 = (Vcntp2 /Vdd) XAVdd - (8 5) [gfc8 6] 

[0 17 9] CCT, AVcn = 0> AVcp 1 =0*5* 
{ (Wnl/Lnl) / (Wn2/Ln2) } 

= { (Vcntn2 -Vthn )(Vcntn2 +Vthn)} / { ( Vcntnl-V thn)**2 } 

- (8 6) 

l»87] 

{ (Wpl/Lpl) / (Wp2/Lp2) } 

* { (Vcntp2 -Vthp)C Vcntp2 +Vthp)} / { ( Vcntpl-V thp)**2 } 

- (8 7) 

[0181] m?U*. Vcntnl ^ I Vcntpl I * (V2)V A YKtiv A >£«Jft-5 >t<0?iHC, «fiiJ3c#R s n 2 
dd. Vcntn2 * I Vcntp2 I ^ ( V 5/6) Vdd** 0.373 V <b«ijftfc r 9>5>X * N 1 2<OY~ FA^7^>iSiS 

dd! § etc Vthn % I Vthp I ^(1/6) V dd©*§^tC v 7 ^ ><t©r^©*ginl&»R d n 2 ©#JB±K: J: 0 , >XS 

(OVnl/Lnl) / (Wn2/Ln2)} ^ (OVpl/Lpl) / CCTn-f #EmEVcntn2 rt^^S*!*. 

(WP2 /Lp2) } * 1 [0 18 4] 

[0 1 8 2] C©i5&@&«tJjXiC-r£C£t?, *f®tC [&8 8] 

tt. Vcntnl £ Vcntpl * + -iS#>7tiiJjiC Vcnln2 = {Rsn2 / (Rsn2 +Rdn2 U XVdd 

IttimWEMOtttt^-f >i t tSl>t. Vcntp -(8 8) 

2 £Vcntn2 ©#£. Sjffi^-f X©S^£<£«T */c# 40 [0 18 5] /N'-f7X«EVcntp2 *9&.?&>U7'* 

(D'ijrxmM&mtDm&vJ^tLxm^zt^sx. mssi 3 ok*j<,>t. ntimvvyv**? 1 2©f- 

■5iCSW=&^WCSit-r-5c:£*i"Ct-2). $6(C«j|K: hA#7-f >imi®7-r^£©[yJ©«tAE!c#Rd p2£ 
Vcntn2 *#l£T£^V7;*|3!Sgfc<fcU r Vcntp2 * &fi?S h 5 * P 1 2©y- h A2>7 >±Jgift^ 
^■T-S^-fTXllBSl 3 0<b 1 3 2*S8:WT. -e*i6 4>£©[»©JBtftfi£#Rs p2©#ElttCj:«5. #5£K: 
<D>iJ7 X^d&it&ms >( Z<D§i&ZiSM?Z>tcit>(DI) 7rc-r#EfiEVcntp2 #H£3ft-2>. 
ClflSrtJnm#&£l.T©flli#£;Stf*. [0 18 6] 

[0183] ^VT*^EVcntn2 4Mt4'W7^ [&8 9 ] 

@8S 1 3 2S£fct,>T > mffiMY7>^X2N 1 2©y— & 

I Vcntp2 I = {Rdp2 / (Rdp2 +Rsp2 ) } XVdd 

- (8 9) 



43 

[0 187] DCffJftflngtt. *U**&C (8 
8 ) 5$. < 8 9 ) 5$ <fc «3 . -e*!-?^^© <fc 5 Ct#& e> 

[0188] 
[&90] 
AVcd2 

[»9 1 ] 
AVcp2 = 



(Vcnln2 /Vdd) xAVdd 



(Vcnlp2 /Vdd) XAVdd 

- (9 1) 10 
[0189] *^IOji^@8SCC*JU-C t * + *>6 
frS AC ffJ&JJO JHMS/c » -C& < . fiK^TflllS 3 ti 

[0 1 9 0 3 m3Q®9m 

B l 7 tt#f69JK:<&£aSIIIB&©gl 2 dEgtlt&flteaffl 
Ofc#3©@lttW : &in'*"@IS0''C*S. #iaS&WS0 1 
6tC^-Tlfif2©EIBS«iS'a:SjSB. MM£bSl>>B 
rW7*«ffi LT&*£3ft'5Vcntpl . Vcntp2 . V 
cntnl . Vcntn2 ©^S, Vcntp2 £Vcntn2 #&a© 20 

Vcntn2 *s (Vdd+Vthn - I Vthp 
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* [0191] 01 7KiRTJ:5K:. ag8B2 0 0 alCfc 

flttft3*l*«W«EVqfl =Vcntp2 + AVcp2 <t&i& 
7 -f >ffll©mi*iSi V 9 >5?* * Kfla&StifciWaiWE V 
cn2 =Vcntn2 +AVcn2 «. HDWWWBE^>t?# 

oo) [01923 Wit«. &js<z>aBKtcisi»?. A 

SiS? -f >ffliJ©«iS£?S h 9 >t?* * P 1 2 <Df- h A# 

>y^JP 1 2©H2&tfj&y- h v-*IWIEE*We«: 
St -5 <fc 9 tt WWWE ( Vcp2 £V cn2 ) #S*S«EI££ 
0881 4 0KJ:9«*§3ftS. 
[0 1 9 33 BPS. &©5£#fiRD:£o 0 
[$*9 2 3 

Vcntn2 -Vthn I Vcntp2 -Vthp I - (9 2) 
[0 1 9 43 iC^t, Vcntn2 + I Vcntp2 l=Vdd 

[«9 3] 



) /I -Vdd/ 2 
- (9 3) 



K*9 4 J 



I Vcntp2 I (Vdd+ I Vthp 



[0 1 9 53 017 UCTh-fi: D Clft})B»3M2£aft 

$N12iPl 2©*I©y- YKhvAZstffl&^'i [0 196] BPS 

>£©RSJ©&tnJ?S#R s 2i. &fc2Si h?>^**N 1 30 *)&.®,Zt\i>. 
2iP 1 2©«ii©y- hA*7-f>iIiS7-f>i(Di8 [&9 5] 

Vcntn2 = {Rs2/ (Rs2+Rd2) } XVdd^Vdd/2 

- (9 5) 

[S*96] 

I Vcntp2 I = {Rd2/ (Rs2+Rd2} XVdd^Vdd/2 

- (9 6) 

frte. CCt, R s 2 - R d 2 ffiUtpP^R s 

2. Rd 2HMOS b7>^*)5:i'-Cffi!lttfcI 

[0 1 9 7 ] &tc. 01 8(CCTrJ:9<C. DCffJfln^ 40 

WJKg&tt^hfcVthp #©mEE£&£T4fcfe©y- h 

><»JtCi9:W6ftJtVthn #©«E£#S£T£;fcS>©y 
- hi FW>#£i&LfcNMOS f-7>^**<t. ± 
15. 2o©h5>PX2©h'lW>5i3£iE?UK:«ilfr$*£ 
mCWKBOZrxDt&tnM^R d 2iRs 2*>£>fr-2># 
JE@K 14 2a *$tf„ #ffi5]SS 142a K*Jl>-C. 2 
o©*©K5£^d 2 t R s 2 ©&&*£<*: *) S«*E ('< 
4TXfEJ£) isffl^sni. 01 8k:*j^-c. # so 



-Vthn ) /2 ^ Vdd/2 
- (9 4) 

*Pifl©tgffil&#Rd 2T#J&3ttTt>*#IE[5JSgl 4 2* 



mass 142a *i&wif . fik©s«e£SP^t*. 0 1 7 tc 

[0198] 25SSP2 0 0 afc*5l,vt. ^tf. VfflL<D 
a5£!3©Si&iK h-7>^*£N 1 2©Vg s^OACffJ 
&in**iiRc;*»* h 9 * P 1 2 ©V g s -v© 
acw&»*#r«. £a©y- >ttm? 
j >©tra{cswe>ti/c++^*^5'C s 2 tsa©y- 

hA^J? -f^iSiS? 4 > i©fflCcgft^6ti/c+ 
*Cd2ic,fcSACia&#iBcJ:*. fcte. 0175^ 
01 8(C*J^-C. C s2 *Cd2 VS>i. IPS. aJSSB 

200a ©mil 7 ^ > wiaiaa h 5 * n 

-5$iJ©«av c p 2 SD^lflJ^ -( >ffi'J h v 

teStiifflm&KV c n 2«. -en^n^«:J:-9T* 
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[0 1 99] 



[89 8 3 



* * [897] 
AVcn2 = {Cd2/ (Cs2+Cd2) } XAVdd%AVdd/2 

- (9 7) 



AVcp2 I = {Cs2/ (Cd2+Cs2) } X AVdd^ AVdd/2 

- (9 8) 

[0 20 1] 
10 [89 9] 



[0 20 0 ] 3T. aWT*SE«J. BP^. SEVcntn 
2 i Vcntp2 ffiijtc*$t>t. Vcntn2^ I Vcntp2 I ^Vd 
d/2~C$>K>, IP^. SEVcntnl iVcnt 

plflWKfcl^Tfc, Vcntnl *f 'I Vcntpl I ^ Vdd/2 T 

$>zt?zt. (8 6) s:i (8 7) ^j; 1 ?. 'mm,;** 



[8100] 



{ (Whl/Lnl)/CWn2/Ln2)} 
Vthn } ] 



{ Ofcl/Lpl)/(Wp2/Lp2)} 
/2) - I Vthp I } ] 



= [ {( Vdd/2) + Vthn)/ {( Vdd/2) - 



(99) 



= [ {( Vdd/2) + I Vthp !)}/{( Vdd 



[0202] mZ.lt . Vthn * I Vthp I (1/6) Vdd 
{(Whl/Lnl)/ (Wh2 /Ln2)} ^ {(Wpl/Lpl) 
/ (Wp2 /Lp2)) *2tt£h. 

[0 20 3 ] C©J:^|5]SSflM£fCf ACffrtnlT 

K©R(E«BE*«4Sl**fc»©»»«BE (^Vdd/ 
2) «Sfe@B©ffl^3**©**fiJffl-rS{:tK:j:0. HI 

tcJU*. h ft £ i <- » 9 f -S . 

[0204] 02OB. 017 RJ>*SI 1 8 tC7jVr#^ B J 

2 omtmm^&m i/fcifi 3 ©asses ij*sp#s 

TV2>. H2 0£*5i,>-C> W4 *5m?S^-f Xtftt^tl* 
-Ua>ffl&-C3bZ>. 0^©J:^Ct. #2693©^ 2©^ 



- (100) 

★ [0 20 5 3 019 CC*^BJ©02OHi6^JS©S3CD 
20 6lcSiJ©#l3c0!i£^T. 0 1 8 KtkL-iM&EK 

ectttt-9-ci,»**i. a&i$ra©fiHJtspiiEtK??tttt. *u 

> h 5 7 -SO J: *> fr#^©MI»32©iIJ£e©#ttcl: 9 
[0 20 6] m3(PgliS?ESg 

#3»WBsrtt . ±a c tc^mm <om 1 s ^s 2 

JBWCfcW £ W2R >» -f X©US?©ffi#Wffi£jSffl t fcSH 
[0 20 7] ST. CCT\ rofi %ii5isa^%T 

^^©jI&BtRS. tori £i!J£f2iti;frlL'£±* s OB*© 

©Sf 1 * 2 ©H*6J&SSK:*$tt £MSSi y -f X©U 

[0 20 8] 
[810 1] 



[0 20 9] 



Arofi =rofi ( {( AVdd-A VthL)/( Vdd-VthL)) - [2 1 { (Wnj 
/Lnj)(Vcntni -Vthn)kcn.i A Vdd) /Z {(Wni/Ln.i) ( Vcntrvj - Vthn)** 
2 ) ] ) 

•(10 1) 
•fr * [810 2] 

Arori =Tori { ( A VthL /VthL)- [2Z {(Wpi/Lpi)(l Vcntpi -V 
thp I ) kepi A Vdd} /Z {(Wpi/Lpi) (Vcntpi -Vthp)**2 } ] ) 



[0 2 1 0 ] Vdd-VthL -VthL^ Vdd/2 T\ 

Vcntni = I Vcntpi I = Vctypi"*"* ± . (10 1) 
&t (10 2) sStt. TKKSSBStt*. 



- (102) 
[021 13 
[810 33 



SO 



(25) 
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{Vdd/ (Vctvp-Vthn)} 



[0212] 



47 

ATofi =rofi *( AVdd/Vdd) x {l-( 
{2Z {0«hi/Lni) kavj } /ZCWni/Urj) ] ) 

- (103) 
* * mi 04) 

A Tori = rori x( AVdd/Vdd) x { 1 - ( {Vdd/ (Vctvp- I Vthp 
I ) } [21 {o*.i/Lp1) kcp.i } /zovp.iAP.l) ] 



[0 2 13] (103) Si (104)SiCijt^ 
{Vdd/ (Vctvp-Vtiin)} {Vdd/ (Vctyp- I 

vthp i ) } corns. , nmns.v ■„*wwtBEv ctypK 

W#n£<. — 5S©(BlC^-r«. 1t3£©kcni . kepi . 
Wrvj/ Lni. Wpi/ Lpi©iffl<&£fc-t*-Ck. BHJISl^EV 
ctypiCKIG&£r< ATofi ^ A Tori ^OttiCi^t 

[0214] 
mi 05] 

kl XVdd^Vctyp-Vthn - (10 5) 

[0215] fcftfU VctvpCCjit^L-CVddfe^fr-S 
?ctf>. VctvptcSWSjlB^IIDO^t* (BP*. VCO 

VctypO^ECCfifoT. iiSSfcH^OffiiH 

ftc w tiKir » w <c t » c t tc&rg-r -5 s&S#* -5 . $ 6 (C . 

>H!f»lslK-e3i3Ea©Vdd*«*S-tt*«i^K:tt. Vet 
yp©^«E*CttJ£L;fcVcld©ft;*^E#? f <''W *©« 

Vcnp = {Rl / (Rl +R2 ) } 

[0219] 3 6CC. 02 ISO'S 2 2 K^TIelKKlte 

Vctvp= Vanp tCtt£J:9 (CfNQIStlS©"?. 
(102) SC. (1 0 3) SG«fc9. ;*5£#f#6*l*. 
[»107] 

(R2 /Rl ) = { (1 - kl ) /kl } - (107) 
[&108] 

VCS= { 1/ ( 1 -kl ) } XVthn- ( 1 0 8) 
[0 220] ( 1 0 8) SC<fc«), 02 3CC*sW&mEV 
cs£&£T£ h^i^^te. kl©{Bft Jr-o-CW. 2 
g*5^«3!9:-Ct>a^. VGS^^T?) r5> 

< J6!n/cW©^E(C J: Zm^TC t>$>Z>m&<D 

[0221] (103) SC. ( 1 04) SCKfctt* {V 
dd/ (Vctvp-Vthn)} Stf {Vdd/ (Vctyp- I Vth 
P I ) } ©<B£-3£KHS-3^©ffe©:fr£ t LT. Ctl6 
©^ikeni -^kepi £8K*£fctfrdiI©g8ti£4>tt< 
1-5*S*s^ie>^4. kcrrj ikcpil*. (7 4) 

sc. (7 5) sc-c-5*e>ns#. cn^o+t'^f* 

[0 22 2] $4g>iM)6 

02 41*. *8BJ©a$a!ffi. SE$«@i3l?SI5188S7£:« 



(104) 

5K [0216] 02 IB. *^BJ©^3 ©^Jt^.«©iiil 
[5I8S. SE(W®S&®&:&tf*E#J®iySIIlffi£^T«l 
10 J&0TN&-S. 0*©J:Mt. *HJ6J^S8T«. ®i8U-f 

x©fg»£<s«T'S*iiHjiSKSEeB. zmmmtsm* 
ffi^-r-s/c*. $ir$ffiE£®sisE*<--5E©«i<fc*<5^ 

[0 2 1 7] 02 l-Ctt. PL L. i^cliDLLtCtO 
8HJ®®E V cntnl Srfljffll l/T. V cntnl CC<t •) ilglUgS 

*$. 022tt. PL L. DLL(C<fc0iS5i|5ISS«:«»S3 

*i*®siffiEv a ,,*si«KSJU s^ceffiassav^tcto 

20 V cntnl *fW®?-*Jt£©0ffi09-C&*o 3 etc. 02 
3te (105) %<DMm*m*)$.tciiZ>tcit>(D&VBMK. 
Vcmp -&7c«b©#timE2S£[5]8S 1 7 0 *7nf 

[5]8g0T*£. 
[ 0 2 1 8 ] 0 2 3 CCteC^T. MSSEVcmp -XSC 

[#106] 

(Vdd-VGS) +VCS 
- (10 6) 

30 SE^CT^leIgS©04©^^SI«:^lHl8S0-C* 

[0 22 3 ] ¥«{*^K^<*«-i*«£rSSC 
j ©^Sfiitt. ^tCcko-C-^^tt-S. 
[»1 0 9] 
Cj (VBD) ^CO / { (Vpb+VBD)»«aj ) 

••• (10 9) 

40 [0224] (109) sctcfcu-t;. v Ba*$fapa>6 P 

N«^KlEP»n3n-&3S»>'NVTXmE. Cj (VBD) t*. 
®EVBD*5EPtt]$n^><!:#©gfl{B, VpbRtfmj 

». *o<-/*js»"C**. a*^y3> (Si ) 

f y7'©*t'B, Vpb^l. 0 V. m.i 0 . 5©*lg 

©{B?:i-5*s. mfc&m&^'i? * y y ? *«nmm»< 

5**&Ctt. tfttigd (m^i/3 ) . (mi - 

1/2 ) &&<&t>ti. s^iajisi^pi^E^*- k 

tc«. jffiP§&«£ (mi -1/2 -8 ) a5£<&feft-*>. 
[ 0 2 2 5 ] 0 2 4 CCttft Ifcg^lCSffttStt© 
so SC«. #©<k5«:#;*.e>ft'5. 



(26) 
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* tn i = I Vntpi I =Vctvp{C*$l>T. FU-f>«E©£ 
•ftAVcni . A I Vcpl I tCitf-f &&*©§fi*+^« 
*Wtl/fc9Mb*ACl /Ci ^<D«Jr^tC/i4. 
[0 22 7] 



Cdn.i ifCdnO.i/ { (Vpb+ Vdd- Vcntni)**m.ip} 
Csn.i ^CsnOi/ { ( V pb+ V cntirj)**m in} 
Cspi ^CspOi/ { (Vpb+Vdd- I Vcntpi I )** min} 
Cdpi % CdpO.i/ { (Vpb+ I Vcntp.i I )** m.ip} 

t&s. 3>znmici<sttz>M%itLtc$LitmACi /c 
tai i o] 

ACj /CJ *?-mJ VBD/ (Vpb+VHD) 

- (11 0) 

[022 6 ] mW<Dnmni£V dd. *£.*g©8HtfSfiB)EVcn*10 

ACdni /Cdni 2? mipXAVcni / ( Vpb+Vdd- Vctyp) 
ACsn.i /Csn.i %-minXAVcni / (Vpb+ Vctyp) 
ACspi /Cspi *f minXA I Vcp.i I / (Vpb+Vdd- Vctyp) 
ACdpi /Cdpi ^-mipXA I Vcp.i I / (Vpb+ Vctyp) 

[0 22 8 3 (7 3) X (7 4) SiJ:iJ *[8111] 

tlh. * 

Akcni /kcn.i ^ (ACdn.i/Cdni)- { (ACsn.i + ACdniVCCsni +C 

dni)} 

^ ( 1 -kcn.i) {( ACchi/Cdn.iMACsni /Cspi)} 
^ (1 -kcni)AVcni[ {mip/(Vpb+ Vdd- Vctyp) } + 
{min/(Vpb+ Vctyp) } ] 

-(111) 

[0 22 9] ★ ★[8112] 

Akcp.i /kepi ^ (ACspi /Cspi ) - { (AC*i + ACspi)/ (Cdp 
i +Cspi)} 

if (1 -kepi) {( ACspi/Csp.i)- (ACdpi/Cdpi)} 
if ( 1 -kcpi)A I Vcpi I [ {min/CVpb+ Vdd- Vctyp 
) } + {m.ip/(Vpb+ Vctyp) } ] 



[0 23 0] ( 1 0 3) SCi ( 1 04) SSKfcW* {V 
dd/ (Vctyp-Vthn)} J&Zf {Vdd/ (Vctyp- I Vth 
P I ) } <Dm*Z*l?tl'Xj!:<D£'>( l tiS< . 

[0 23 1 ] 

[8113) 

kvn= {Vdd/ (Vctyp-Vthn)} "(113) 
[»114] 

^kvp= {Vdd/ (Vctyp- I Vthp I ) } - (1 1 4) 
[023 2] mW<Dnffi&KV dd. moMQmE. V cn 
tni = I Vcntp.i I = Vctyptefc^-C, frJ*fflimK(D^{b 
AVctypK:*fT£kvn. kvp©*f!t£{bl,/cSMb*Akvn 
/kvn. Akvp/kvptt. ^tl-^tl-XO^^-y-C^ 
•5. 

[8115] * 



••(112) 

30ft A kvn/kvnif - A Vctyp/ (Vctyp-Vthn) 

- (1 1 5) 

[8116] 

A kvp/kvp*? — A Vctyp/ (Vctyp— I Vthp I) 

- (11 6) 

[02333 wfcowantEvctvpfc-rfci/Tfc. mm 

CCtt. (111)5$. ( 1 1 2 ) 5££ ( 1 1 5 ) 5S. 
(116) ^©tBM^b^^SL^C+f^-fe^L.^^ 

t*flt». ofci^t, &<D3»W6ft&. 

40 [023 43 
C8117 3 



[02353 



1/ (Vctyp-Vthn) 
^ (1-kcni) [ {mip/ (Vpb+Vdd- Vctyp) } + (min/CVpb+ Vet 

VP) ) ] 

-(117) 
O ♦[81183 

1 / (Vctyp- I Vthp I ) 
if (1 -kcp.i) [ {min/ (Vpb+Vdd- Vctyp) } + {m.ip/(Vpb+ Vet 



(27) 



51 



VP) ) 3 



{0 23 6 <5K, Vctyp=Vdd/2. Vthn * 

= I Vthp I = Vdd/ 6 , kcrvj = kcpi = kct Vpb 
=lViL/"C. -€-L/"C. flxtC, min=m.ip=mi <tf£ * 

mi = (3/4) { 1/ (1 - kci) } 

[0 23 7] l/fctfot. * 
kci=l/2. Vdd=3. 3VOi#. mi ^2. 4 
kci=l/2 > Vdd=2. 2V©i#, mi ^2. 9 10 
kci=l/6 1 Vdd=3. 3VOi#, mi *s 1 . 4 
kci=l/6, Vdd=2. 2V©£*> ml ^1. 7 

[0 23 8] Csryj b Cdrvj ©5 *><b£% hiP— C 
dpi i C spi © 5 ^ CD £' % ^fcSffitftflTOft l> 
£SfS^fK:l,fci§-£ (0«;*.»\ ^cHz^ibrP+Jtti^ 

mi = (3/2) { 1/ (1 - kci) ) 

[0240] * 

kci=l/2. Vdd=3. 3VOi?, mi ^4. 8 20 

kci=l/2, Vdd=2. 2V©££ > mi ^5. 7 

kci=l/6. V dd= 3 . 3V(Dt?, mi ^2. 9 

kci=l/6. Vdd= 2. 2V©<fc#, mi -3. 4 

[0241] tctch. $*>>«ileiijc*ji»"c. mm®. 

9 * < ft t'CDXfiif J: 9 ftl* 

igga^t^u-*^ >«E*s®TLfc») >;-*m 30 
[0242]^ ffipge®^gfi^iP*»iac-r£*B£ 

yZf(DziX hT;>:7KOft#5pJfi£14#iSt>. COWS 

'SrJS^-r-Sfcis?)^. smftnJ^M^cci^rsfjgp 

[0243] t&bymmzm 

£. 0^©<fc5«:. *HJ6^Slr«. J&fKffJftTiJggfi 40 
#-?£ffll>T$U$I^IIVcntn2 &L>'Vcntp2 & 

jbo setters. ««««£©«■*?■**««: u 

■^^□■^©ISBgttSrtt*^. Ka§=ix h©#PflJ£ 

kci= (1/2) {BO + B 1/2**1 
-+B(n-2)/2* 
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••• (1 18) 

t. mitt. *5£©«fc5K:#©e>*-i£. 
[»1 1 9] 

{( 2+Vdd) /Vdd) 
• (1 19) 

H*>N +JtUcll©f% ^/cWiSfii©^©' 5 !^ 
M^^*- H%0fiSoJ^«:L.^lS-^) It. ( 1 1 1 ) 5£ 
©ACsni = 0 £/c«ACdni =0. (112) 5&DA 

cdpi =o$/c«ACspi = o tctg^r*©^ SllCm 
i 2{§©{I#!&gK:ft-2>„ IP^v m j ti-XsSK: <fc 

[0 23 9] 
mi 2 0] 

{( 2+ Vdd) /Vdd) 
(12 0) 

[O244]026«. ^^cO^WftoI^fi*^ 

SBM** 1 6 0 it. 2 ©HfftKfi^ TSfifii* 1 ^ 3 
ft/cnil©**;^*.*:, -til-eft©* -t^"^*^** 

<*ftfcn<i©-f ^-i't. cft&©4>'<-* ^iniap 
gft-ct,>£. 

[0 24 5]+ t-»'!^*©— 3J©i(ff-3&9taKtfettS 
ft. W3<D&¥ifi*:ti?ti'(>'*-* ©a^^tcjgtt 

jfg i 6 2 tcsaftsn-ct**. ^a^EJtta^iiisg 1 6 2 
B, A#Sft*SS#EEJtf^m^s t „ctofc*i-?T-e- 
iieft©^>'>'~*KilHj®{f-sf£tB;fr-r*. <f>'<r* 

©tHftft#B0. B 1 . -. B (n - 1 ) JCJE&T, -S 
**AS/*©S*WW»3ft*. 

&& S ftt l>*+ -r Is * ««® 5 ^ >(C J£t£ L fc^S 

;u©±£. e©-f >^-£©tt#^t££&3ft"ti'>£ 

[0246] COoJ^SS^ 1604A CtftfJt]##f3: 
Bi = 1 . ^>^<-*m^*50-W<^©i*Bi =0 

[0247] 
[«12 1] 
+ B2 /2**2 + 
(n-2)+B (n-l)/2**Cn-2) } 
- (12 1) 



(28) 



S3 



BP%. kc.ittOaXE.lS-C. 1/2 **(n-l) m#-c oJ 
[024 81027 "J^fr^K^Sfc*© 

AK<fc»). Jg^lflft^^S#^^<DlS£v»E[3iJS 
K^L/t, ®8i^E. fiffi*fctt-7"P 

mtDt^-c*- f& hx\ix&mt sftfcsassrg-r^*. 

-C(,>S<Dr. »SSCCtt. AD^JftS-C^^JiJ^E^* 10 

[0249] C ©<fc 5 WW»*fr ft Hit. ftJffllSE 

Ff b£ Of if -S/cfecD PL LESS* 

-7 ? n 3 > f ^ - * ft i'CD^iStfc? 1 f Ltcm 
^fti'tt. F'i'xTOJSttlttHi/vi'ft < . V7h 

<b. m^^-<XCr)iJe?:eii(-C^S3lS[n]8S. HESHISP 
3SlHl!S4fcW^IE*lJ®^iHlSS : &^t , *i. ft**. 
0jj*l,ft^#03. 09. 015. 016. 017. 0 
2 4. 0 2 5tC7nU/og®e&01 9 (C^L/cJ: 5 ft^ 

[0 25 0] jS6(Pi 



«EttStt*WT S 2 ««W±©iI&!88f©ffi^fc-ti 30 

SS^OSS^K^jlS^EOflSc^^ffi^-C* £331 
IHS8. ^E3Hj®3i*|n]i££fcttmE*iJ®&JS@8S*fflm 

■rs. 

[0 25 1 ] 02 8tt. ft*<D^>;<-£§?iiJ*IS£JB 
l>fc^Efir$^M38ScD-m^TI§]ffi0T*£. 07F 
<D<fc^(C. <(^>i-2M<Dm&gtZmMcV CD^VC 
OCCfc^rtt. aJ2>{i#£ffi«3HiUc0. **»<-f© 
t*@K*ffitS-ttfc0. «&cDf4tB#rft/c{fi#*I& 
•PffiL/cO. *£t>tt. &ffltt£J$fctf&:fctf>iI5il5:<D 40 
g&^l^tCLfc 9 T ■£>?<:«>«:. :4>ft < <b fcSKSlEllJS© 
l~2@SftCtt. /<?7ril/t©-f>^-^, S&S 
y- h<tl/T©NANDy-F*NORy- h*>h5> 
* 5 ? -> a >y- F ft * C l». 

[025 2] ST. C<Dcfc5ft^'f -7 7^ay- htC 

«. wajH&JM*'* ■< r ^mmthli £ ft-r t> ft i ><d-c . 

[0 2 5 3 ] miE^ESrVdd. MOS 50 
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£t>SE£Vtht if ^v7r-¥>ieay- hSB# 

[gn 2 2] 

T, ocVdct/ (Vdd- Vtht)**2 - (12 2) 

[0 2 5 4] iC6T. ®©7>r>flllliig«!j7^>l!iJO 

<DjI5§B$|fflT A tt. ftJ^mEfcVcnt 8Wa. 

[tU 23] 

T A ocVdcl/ (Vent -Vtht)**2 - (12 3) 

[0255] $/c hs»cDase©ajiB#raT S 

tt. WW*E*Vsht tTSt. ^"C3R 
[SU24] 

r, oc tVsht -Vtht(VSB) } /(Vdd-Vtht)**2 

- (12 4) 

[0256] L -c. ^yyy-p^my-yomM 
nmuMm^E-icixttm c . masmE^iS < ft * <t iiji 

tt^^EtCitW L/ . SaSlSE^iS < ft * £ i!5il#ra tt 
* # < ft S . * > h M <DiIi*K<D3i?*BSr.SJ tt««SSE 

<d 2 srcsjtw l- . mm^E-vm < ft i <t ii^ia*^]^ 

3<ft-£. 

[0 25 7] m 1 OElgSgll 

02 9tt. *^Sfe^©il5i|3]88«:*$^-S.ilSgP©S 1 

(Dmm&ffi-rMffim-v&z. 0^©<fc-5(c. a$2gp3 

0 0 a tt . Sft S^jSmE^Stt^^-^ 2 SSBOilll 
15. EP%. Af -<yilffiSiBi'-f^iie®**ft-« t ft 
|^ 0 £ft # TlifiS S ftT C 
[O 25 8 ]03Ott. A^-T^jffiSI8iB^^7"aJ2 

03 0 (a) tt. A 

* v'&m&mms&tth . 1^0 ( b ) tt. b ^ 
^•jisiscas^tt^^bri^. ft*j. cc-c. a^ 
-f7'«it WAtt. sas7^>ffi"J*/cttSHfe-7^> 

ffld(C«iftiB! F 9 >J?^ * #1SW 6 ftC » * -f > - *SS© 
SSe^^ftO. B » A 7'il?i|3tt. tW^tt. -> + >F 
SOjliffiia. 7 r ifclilSiy- h ft i'^^fti. 

[0259] 030 (a) tC7^-r«t^K:. Af 7'a52 
tSW. m?SSE(D^SI)AV ai) K:J=tLT. il5lB#pa©^t 
At, ailEGOiftte^T. En%. S^EVoaOifttK-C 
#t,\ jiiPfRflr. *iif»PO. 3S»K:mjffimEV dd ^ffiiT 
•T-Si. ISt. rtMgT-TS. CftlC^OT. 03 0 

(b) B*-f7-jI5£8tt. ^jsmE©^ 

SbAV d ,,{c*tL-C. SSB$ta©^tAr. ^©^I** 
Tjrf. EP%. «iSSEV d SS^ffflT. 
*i®TL. i£tcS^.SEV dd ^{STT4i. jISt. 

[0 260 ] CCD J: OCcSC^tBJg-r^iliS^^-^ 

/cil55Si53 0 0 aCC*$<->T. SiJKSEV dd *<S!{bL//ctS 



(29) 



55 



^ajis^n^^a&itttfcssssu wm$Kv it 
(DrntftAVtiteftist* ^n-ett©a@J3©a3P$ra 

©^<b©£st# (It, +2t. *0) =&?®/c-r<fc"5(C 

S£{£j«-Ct*„ 
[026 1 ] fr2©llBgfll 

03 ltt. :$^^©aM3]S3K:*$W*a&gl5©SP2 

oobB, zm.nm&<m&z& o 2 «s©ass 

IP%. C*-f ^aS^BWXaSfafc^n-ett 

STSos^s^tMsnti,^. wz.it. 0^©<fc5 

[0 26 2] 03 21*. C # >f T'a&Koa&ifcttSr^ 20 
LTU*. S3 2 (a) (C7^-TJ:^(C, C*>(Xa5£l2 

». ttflnKEafEftAVoCcttisT. asftMoxtbA 

Tc^JEO^tt^-T. IP%. SSSEV, «©*»»]«:{* 
(,», aSB#rar A 36«*WnU atC«8B«EV« d *MgT-r 
44. aSr, *H6TT*. BP*3. C*^a5£&tt. 
A^-f^aSS^ISlDiMC. jE<0iHa*tt*»-^. fc 
KL, «tB«EV„©^b«AV ii {C*H/T. 

isssoas^ra^bSA r c # a z a xa@&©a@ 

immt&J:K>'b$l<K BP*. (At, /AV (4 <Ar 
. /AV..) . 30 
[0 26 3] C 2 -f :/a@©«:. A^-f^SB 

aw** 5«c»jsji8*iTi>*agar**. 

fc*>\ B * -Y ^MKoaWttfStt. S3 2 (b) 
•Tct^tc, ft<Wffi8«Ftt*»o. CCt. B*W 

[0264] ±54 Uc<fc 9 it. Cf^ ^aSilStt. 

©/c#>. S3 1 icTjvrj^tc. 3t^us^jBi©aesP3 0 
<»w6n. a&3&±{*©*«*Ett?m©mii-r*. 

«*.«. (Ir c +2r, ^0) Sr^fc-TJc^ttaSSB 

300b *m«c-r * c * ^ xa&tstatf b * -f cassis 
©**aa3B-r*c-4tcj:-9"c. c *^^ass©«is(a 
E«??t44 b jr ^ 7mmon®BB.®&&ifim>*K.n 

%«U a^SP 3 0 0 b ©S©«E«#14* & BIBHr 

if*. *fc. *n«s^si©asiigSK:«fcntf. a5i@3 so 
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u-c . x&mi'^onMy J x©g*£<a«-c* *. 

[0 265] &*>\ *^iS^S§©a5l|H]K{i. 0 3 IK 
^•T«fiSKIS3£Sn*C4<t< > Witf. 03 2 (a) 
(b) KwriBS«tt*»-5A*^^jHiES4D* 
4 ^iHKRtjBSttll^tMWEr * 1 4 oJ«|-C**. 
[0266] gS3©E)88fll 

0 3 3 « . *H*^ffi©a®@8S«:4j W * aSSP©^ 3 
©|5]8S0S£5Vr|5IS80T , **. 07F©«t^lC. a52SP3 
OOcB, |«*«»*Ei^tt*8^*«*©aH£ 

TjKBS&CFE * -f 7"a5iS*-€-ti^n3f5E©ffe ; Srrac» 

-c«to5c£*vo,>*. mx.it, 0jF©<fc^tc. ass»3o 
oc(c*i»t. fW®mE*fctt>-WT*«E*A2rr* 
A^-c yase©ffeK:» ®s> >f x©i5»?r<gj«-r**§ 

«jM»SftfcE$r-f7«S4. ®EU-(X©S5«*S 
»5;< 9 7 r^y- h *»<=> tt * B * -f ^aBS^S 

w-nrti*. 

[0267] ms©^>^-^s©asiaKtcfec > 'c 
tt. ji*©ase© w^d-^^ax 0 (urfeabo" >?r 
asiK©e» ; &oi^fc:-r*fc*©^*)g^.i5)8s^4" 

-h»B* ^7'©a®S4L-r^it6n**5. ^tcaji 

&©©$£pJ£tCT*fcfc©^9§*@88©8»#4 l/t 
[0 26 8 ] C ©/c*.. ^ »7r -?>S&iiy- h JWB2K: 

r stta^tes n/c e * t»B f f -< 7"©ajim 

©asi^* 5 »* or *ass©©»w 0 * ah» 
©««Koi»rB. artH/fcB^-f^©Wtt*fT%iiif 

fcfetCA X©a®S*>. *4WJAf ^y*Cifil»C 
^^7-©a?i^4L-CigstL,T, Af^ya5£S4B* 

■Y^ass. <&*u(s. c^>fxase4B^-f T'aji 
is©is-&a®iHis§3 oocii ur©a5iB*ra^©mis 

y-fX©ft2S#«fc/h3 < «c*«t5{c89Sf-r*. 
[0269] Sfc. ^>7?^»iy- h*»6tt*B* 

C^-<7 , ©a52©4L/-CSitU-C. C *-f7'4B 

©S-^aSilS83 0 0 c 2 4 L-c©aj£B$ra^©«is^ 
-f X©&SP#S 4>/h 5 < «c * * 9 CC&BtT * . 
[0 27 0] C©J:5frJt*fcI*«:<fco"C\ ^R8©-f 
>yN--5?M©a53lH]BS. SEMWIBIhIBS. WEft'JSP^ 

jis(c*} » *a5i^fffl^©«ai^ x©ij»*ffi«T* 
[0271] m7<ommmi& 

03 5«. *|6H^(c^*«E*iJfflI^i@B8©S7©^«S 
©fiS%^TIlBS0T«)*. 0tS©J:^k:. *^JS^®© 
fSESHJWIfcffiilHlBS-CW:, «»©aS®^ 'J > ^tcS»5 
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[0 272] •gE^^aSlHlSSS/ctimE^I 

awSHK-ce. skim. &&ura:iygjg&$*i£t> 

Ci**t/tfW*fTtoiVtt,»3. C©«fc5&t§£. s&© 
W9«*BBfcJ:C«-©*r«lctt. WWtEE^^TX 
«E©*IW**W* I*'* 5» 7 y . S&S**- h S fctt h 9 

[0 2 7 3 ] 03 5K:7SrJ;^tC. C©WI-C«. B£>f 
73I^&cJ:^T#i&3ttTi,>&W0#&@B#t&W<=> io 

{Cjc-oT. 'J>:?|fe!S[n]gg©2£^ja&Sfc£I?J0g:*.£. 
[0 274] «J0SiLEKiUrSW6ti-rt,>5B*'f 
T'SSStt. WI®ftE*MH*''WT;*«EEVcntn 1 V 

cntp©fW»**w&t»©r. ss^-f *©»»*«» 

«>«: . 13 3 5 KiTjvr «fc 5 K , B * -f . 
W!c*«B«EEttfftt*»ofl!i©«l6S. Ci» 

&©Bj^©iI@#IH©SMfc#2^K:fT%ifi'*" £ 5 

its ti& c <t(cj;ot:> ssais£tt©iiip$iiij©ttff 

[027 5] WflWff ©Wftl**tKtC» B * A 

«t S tiT t » -5 ESSSB^tt . 0 * C i * £> 

4. S3 6. 3 7SO'3 8«r#JBl/^-3, 5i"J 30 

- F7 ^ jU5»^fflC^cPLLIaISSK:*jWi^F®B#ratco 

[ 0 2 7 6 ] 12 3 6 «5 ^ 'J - K 7 -< n<d» *JB«,»fc F ? 
F * u v 2¥&.m<D P L LI35S©— Wfc^TBSSIS-ca 

s. ccr. F?n»o?ftt. 0>Ris. ^vt: 

*x * teafitolMkDBBCcaS U tX^Aj: <!: ©tt#R£St 

n-^iLt, PLLHB*Cj:orftjaSti*. 40 
[ 0 2 7 7 ] 0 3 6 CC^T P L LHR». tMBttW 1 
0. 9* 7*088 2 0 - 1 , 20-2. 

3 0, msmmsm <vco> 4oacf»««5 0{c 

J:o"C*Mt3*lTl,»*. #HS5 0tt. VCO40KJ: 

■3r*fiS3ti*i'D9^F..t t»aJt«je«#s. k 

fttlJt&& 1 0 ». »»>o^iMilt 
©*^mJW«#Hsvnci^m#N.., ©tMMrtttB 
0. cti6©ft-*©tt*B&ta&i;'C < 7»^OTS„» 
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0-1. 2 0-2tt. HMBitK810*»6dl*Sti*7 
» 7*e# s , r * fc» s „, tCB 0 T . *8E i 

tel ii,„ *£ftu v <)\>* 3 0 tcifets. 
[0 27 8 ] 7 ^ju*3o«. ^©j-mc. 9^y- 

gSfll*. **^>^C2«fc«3+^*< . BP**>C1> 

+*/<5/*Cltt, Will*. WWt* 
4. 7 4**3 0tcJ:o?. 9*- + -t*tf>7-[l!82 0- 
1 i 2 0 - 2©ad^SifelCIt.i;-C. SUWS-^Vcnt 
fiX^nSo VCO40IJ, 3HJ8PfI#Vcnt k:j:-,-c3hjsp 

[0 279] ttfc. 07nl/-tl>&l»A s . YvYfa?* 
mmt. PLLBB©lB*«#Fout *«w 

T . *¥|BI H sync©AZ ^Ox^ {CloHB $ * 

[O28O]037tC. 5^y- F7 ^ JU*©»f¥B#© 

©*¥l3»Mi#Hsync©SEfe±3&s Dx? S?i^S©tH 
*il#Nout ©aZ*>T#9x. 9 y©<a*BH'&fi[fflJ:k«S 

r«iWLr. 5 1 +-^*>7ioig§?:i|gitiriTf 7 - (g# 
s.,*fca:y*>fli-*s..t»fl£-r*..*TH)wi#H 

svnc©3x^±* 1 0X9 y«t «3 ^Sfa^Nout ©3t ^T*i 

i) x 9 ^ann** t *t*. t » ^«fs»,*jttu 

•C. *^Fl5lW<t-^H sync©Al^±* 5 0X9 i?<fc 0 4>#JS 

ft-^ n ou t ©ie % o x 9 i?a*5tetf u r i > z> t * «. 

[028 1 1 CCT. 7K^FI5lWfl#Hsvnc©S}W*T. 
T?»7 , ft#S l ,P*/c«^>m#S B .©lfi (PLL©i> 
9*) SATiti. 7^y-F7-*JP5'©Hl*«EV 
cntfctt. aan*^-RtC*Cfc«BESEft»S 1 <b. 

C 1 CC^D/c«E^fk^S 2*J$$nTC»4. tt 
Ct^XRK^Dfc^E^t^S 1 ti. T^flWS.r* 
tea 90 S „ . $ A T <Dmil tc. WnR 
{CI cpl ©aifeaiSfcfl&CifCfcoT. AVi = I cpl 
xR0mE3UtMR£.'f&'iX'Xft<Df**Si = Vi x 

S2B. ATOBHtttt ( I cpl + I cp2) ©«it*iiJ£ 

(Cl +C2 ) *?Cl ©+*^S/*K» 
-,ri>-2.C:i{Cj;iAV2 % ( I cpl + 1 cp2 ) XAT 
/ (Cl +C2 ) ©^ESMbtf (T± a) *?T©^K^ 
B#iwii{c?S-9-rjisi>S2 ^V2 xT©^{br* 

•6. 

[0 28 2 ] 5yy-F7^;i/5'3 0«:*it>-c«. ttffi 

9ii&Bftauk©x<k <«»«aBi©»t««afl8p«EE©a 
{b> x«fiar<f*c*>*i*©"C. si 4S2 ©WJJOfftt 



(31) 



59 



5 Si BPBflKr<ttO. 7C«:g|6&t>S2 ©<*tC<fc«)*T 

[0 2 8 3 3 L//C3&J-5-C. (Si +S2 ) /S2 °cfttB 
fliIE«/Jil«tfc<§iEfi t * *) . *¥H«HB-f H svncCDJS 
ttlMPKfkUTfc. Si tS2 ©J:b&-5£{£iS^<fc5K: 
ggltSCttCi^t. PLL@?g*5S3EL./c8ti{ / P*^ 

[0 2 8 43 -f&to^. 03 6iC^l//cPLLl5Iffi-r- 

©7>mN£*^S!m#Hsync©jgmCtIEJ:bWLT 10 
S3Eb. ^ + -^>^laIS82 0-loUl*®3feIcpi 
4Bll/t, ^ + -^#>^HI»2 0 - 1 + 
>7'HI3S2 0 - 2©tiJ;fr^i£fif©*D ( I cpl + I cp2 ) 
«:7K¥l5»Wff #Hsync©JH»3T KlJStbWlL-CS^T^ C 
it. ( S 1 + S 2 ) /AT °cft*B3 IjiS/GttB©-***! 

cf. (si +S2 ) /S2 oc^agijxa/jij^giiis 

ftlM^. 20 

[02853 ^.mmmmmnicm^tcm^. av i © 

JE&C "T £ rfp 2 ~ 3 f§ nj^t -$"£>#>(4©SWl/# 1 'C#& 
t». Lfc^oT^ I cpl ?:@SC0Mifefflit. ffi^a-y 

I'cp2 #JSS«5li&«clH«l/t:. (S1 + S2) tfib 
% ( I cpl + I cp2 ) *5(4tl?l3iKB8^-r4©-C. 
PW^HsyncCDja^^^bL-rffl^D ? 2^ffiSS£ 

3&^«-rn/c6. i c P 2 ^ie»D3-t±r S2 >si©ra» 
tai»o» ^^as*4?ssL,/c6 ic P 2 

■CS2 *Sl ©M^tcLT. <4tB?li£**Tfc9. 

<b ! &i?# 1 £t < & £©"C I cp2 €rSe.{C^3-»*-CS2 < 
Si ©M<i!HCl,-t\ P LLIH?g©:7 -f — v 

[02863 038 tC. fLsZhOMMS 4 X(CWT4 

a*fr<> s 2«:tl^-f£S 2" ©<&r*s. 

[0 28 7 3 7^7 4 Jl/^i^yy- F7 -f ;U*©fltfB 
SljifiSrPD (Si +S2 =S2 ' ) it^ztcms. I 
cpl + I cp2 = I cp2 •©£#». AT' =2AT-C* 
»). 5 y 'J - K 7 Jl- ^7 $©¥*©y 7 $ 
StC&&. 2 x ( I cpl+ I cp2 ) = I cp2'©£ 

#«. AT* =ATt*S*5. 2AVcnt =AVcnt'T 
vif? <)\>$T\Z> SiJ®mE©^»* s 2^c^o 
Tb$9. TUtt. 5if7<)l*-Cit. SltCfB^T 



^20 02-5094 5 
60 

[0 28 8 3 SI Si57}tt7C*&tBtb«g©7 7*<f^S 

„. *fc«* i >>«*s..±L't8£8ft*©'c. lata 

&tBit$3<&©ai;fc-C. !?9*©H«fttrF©/<A'^(l , P 
T^msmmX. VCO@8S*<5>^«VCD|51KK 

frr>tt^)i>z<®-cmm#>t£iitiii. s 1 ^©wast* 

[0 2 8 9 3 &L±.<Dmilc£Kl . 9i"J- K7-f 

iC6t, Si«»*3W**#©VC0li8K» 
V C Disll^K: . {4tBtb*$&©^!&w ira OWS* 1 * 
•5.0 3 9 tc — fl$£fa& -f *S!©«EE*U®£feJ68© 

=tfat>nn»fc. c©j:5«c«te. ©i!t©W9§*iEiiJ8 

MEfimttt^ftWibitur^ZtZU:. MM< Si 
^©^b^^T-Si^tCiai+L/TL/* SlSC 
^©tl*5/jN S I > i # K Si SP»©fitB? Iii©?9!)*l3: 

I 0 2 9 0 3 B 3 5 (C7n-r*HJ£^©SE*Uffil^il 

ggrtt. 3j£»Bj©mis^^x©gj»*<£«-r-5>^^©^ 

Waft «:? 1 1 HJT/cfetC^JttSBEW^Jig^SE 
^>*-<T^SE©fMffll%5W^t». '<77t*F5^ 

"en6*a^L/fca^ra*5^ ^a©ss<ii<fc *) *>+ 

C©«ElWWaSHBS*fflC»"C. 03 6Cc^TPLLIeI 

ss^w^-r-sct-c. ^^©te^tt^isifS-c*. ^ 

[ 0. 2 9 1 3 {B8©glWg«l 

**tte&»t?«. *^BJ©a^lsl88. «E*U'<iaJilSlHlS8 
lffe«^ESdta)^|5|8S©Jt.fflW?:^T. 
[0 2 9 2 3 1 ©iSffl^H 

04 0«. *«B^©ii^|513ScD— &mW*m-?W®&-Z 

rasSSielSSrabS. 0jS©<t9tc. c©aSB#HI3S^leI 
K», 31SI518S6 0, --WTXl5lg§7 ORO'iSffiBfrBliS 
#?@!&8 OtC^oT^StlTl^. 
[0 2 9 3 3 SiiBSraiSEIslSStJ. ? 



61 

&C<fc *) jiJSiaSIIHSIslUS©^^ 5 >^©33gS#SEoT 

£tagg©?B,>*{&?£-ct 

[0294 ] iI5£[5J886 0 8. ±^Ufc*^BJ 
©jI&[5J88-C& 9 . XttmrtsJSSftfcSStO'f 

,„k:#l-c. ^©a&isrsrji^fcs&fi^*^ 

&*s, S5&5J886 0 8. WA8. A7J<I-*tS,„K: 
ttbTgfc&jliPSRflAT, . -, At. £#*fc«Sfc 

^lEVcnt SSI5I8S6 0©#iiSl3tC^&-r 

£„ 3 ''W THEIRS 7 0 8. SilSISOji®^Fra 
*i«t3?—5£ £&■£>.£ 9 sc. ^li^lIV^OgllbAV^K: 
jSDr-'^-frxmffiVcnt ©U"^ji/£fWfflrrs. ciatc 

J;,t. 511*11886 0©jI5Pf|ffl A r, . -. At, 
8. «j!l®ff©«^t4^®?)ii3ns„ jI5*B$[?gjMiR[5JS8 

8 0 8. nm^xt)itii>MiRm^sEncm^x , 

31&[i886 0*>6ffi#i**lSif$fc©aSfI-^©9'fc> ffi 
[0 2 9 5 ] ±ifiL/fcJ:^{C. C©jI3P$IB!PISII5I88c): 

[0 296] M2<DfomW 

04 18. #2feBS©SE*lJffi)?£lilIl88 (VCO) ©— IE 

3tt;fcPLL@8&©[a!B8E _ CS>£. 0^©«fc5C£. #09 
©PLLIPJ888. {4$IJ±$$£1 0. * *-^*>7T5J88 
20. 7-<;U^30. VC04 0R^)SS5 0KJ:-? 

[0 29 7] &*J. IS! 4 1 ttTjrfJ: 5 #I&ffl0*©P 
LL0888. «3|raPLLBtti«H|Bli;#fiS**T 

ffifttSS 10. * * - ^ >?T5]?8 2 0 £ tcitv 4 JU * 
3 0 8. St*©4>©£ISH;r*oTfe. PLLIalSg* 1 ?! 

[0 298] letch. *»9IO«*B«<i fc&##9 $ 

jAt<»»fSJa2Si!f85H"Cffl(,>-2)®ffSlI®SSIliS-9>^BE*'l 
ffi^S&K8*$»3[Sjlr»-Cl>&^. £fc. S*Jf^W> 
^•-*§9©fctf>. ^■BMHzi-COffljir^ffiTti. 
[0 2 9 9 3 jH3<DESfi3ffil 

134 2 8. #8W©«SESIHJ®iI5£ls]88 (VCD) fcfcffl 
LfcDLL (Delay Locked Loop ) ©— 09£^T 



2) ^1920 02-5 0 94 5 

62 

T*>5. 0*©«fc9K:. C©DLL8. fttBtblSgl 
0 ^ + 7-[alg82 0. 7^^f3 0. VC04 
0 aRO'2#JS§5 0 atC«fe-3T«l«3^TC^. 
[0 30 0 ] Z^JQS5 0a«. W**»6A2J3*i*S 

»e/a?^m-^cK P . f *2»«i/te»«tt-*cKi* 

<i*BJ£©&l 0K{**&-f*. VCD40a8. 

3 o ft*fMsws#vcnt tcjc.c-ciEii^ra* 5 

K1^S6-S-C. SJSfl-SfS,, fcHi^T*. {itBlt&S 
10 101*. *o»*flM»CKl&VCO40a6CJ:-9Ttti 

ftffl D-C T » S» , * fc8 9*) >fs# S „. © 

[0 30 1 ] #j£.fflWK:*a>-C. <4tBJt©g 10. ft 
-^tf^lPJga 2 0 5^7 -*^^3 08, S£*©*>©&C 
J^-cMsSSnrn*. IP*. {4*iib*5Sl 0©(iffitb 

«se*{ci&i;-c. ^*-^^>7-|5j3g2osc>-7 

30KJ:-5T. &mi>Uv irfe^CK 1 <taS{M#S„ 
^©tttBMKlt. tfcW!MH»V cnt 5 *i. VCD 
20 4 0 aCC«*S3ft*. C<Dtc&>. VCD4 0a©iIJP* 
FtfJA t8. *{i-SfCKl£iIJifi^So ©ft 

fiMtCIoi;t:*IJfflI$tii. £©*£*. VCD40a*> 
6. ftfefUv *(I#C K 1 tC<4tS#PHST £fel8<I# 
So %SHt?i. 

[ 0 3 0 2 ] #JfcraW©J: 9 K. *^©V C D «rffil» 
*^©VCD«rffl^*CilC<koT. V 

c d ©a^Btra^siiasBE v„ „ ©gattitc j: -sg^^ej* 

[030 3] M3©lt^g!l 

04 38. ^^©VC0*ffll/»-C«RR$n/cPLL|5I 
%$BiXf C © P L LIUK^^ K v Y f C » J'^lHlSS© 
I5JS§S-C*-5.. *f!l©K-^ hi' a v^#e4|5J!§8. 

8. fi»*TVJ|©F» hi'Bsj'iVB If >^'J 
>^d?a » d>«#^TS»£la]ISK:»ffl"C#*. PLL 
SBU. ^^8". l3iiiffi©**[SISlWi#HSYNC0. 
* fctt^HlB©*™ JPW1 -#H S Y N C 1 © 9 % f5J*l*> 
*siMiR S HS YNC «3t* i7 a ^ £ 

40 or. -e-©n%±* 5, 3 x v i> (jaso^JScc^tt.T*) 

[0304] 0^© «fc 9tC. PL LlnJitgai5#8. (Siffltb 
KI3BS10. f +-is#>7MV&2 0. 7^JU^3 0. 
VCO4 0. ^S5 OSi^^'-YT^InjK? 0tC<fcoT 
PLLlHlSe©^* 1 ^. SIJ®[5J884 0 0 . V 
B I-9->:/'J>e/d7ay*2fe£[5]8g4 1 0RO K » 
0^^^*151884 2 0 £4 3 0*119:^^*1. cnf>©Is] 
SStCtot. K v Y J'Ov i"&*(iSr* F v YfO v i> 
50 &J$.®®ifimi&3t\Z>. 



(33) 



63 



[030 5 ] PLLSIMWJ'KfcH-C, -f>*-*MV 
C 0081^16^0^^ -TXOiJS^SWK: < C^E 
*U<SI#yii3£fflt>-2> £ tTfiy ? £©P L LHSS^^I 
Urt^„ vt>&a£MK4 2 O&CM 3 0 

«. VCOBSS^fcH^O v^fs-JtS.., ££tf-C. * 
fRWffO^^T^HSYNCOB. HSYNC 

1 B©it%T*»Ox»i/ (SMaEiS) tcfflMZiiX F» 

[030 6] 04 4 te. *l£fflW© K ? h 2 n v 
[§88#WPT£i'*^A<Dm®>'-fX£^Tj^0T& 10 

*«©F? h*Ci sr ^^isISSte. 04 4 (a) (C 
^T^ISISBfi^H sync£g*£ £ a v 9 1 L X . K » h 

2a* itmmSMIrZo 044 (b) . (d) . 

(e) scf (f ) a. **i**i«bhibev„k:»a3*i 

XRZf*—i>'~s-< X«r^L/Tl»S. ^iSfflWtfcU 
T, ^WXKttm*5J&;*ft/cVCO*fflt,>TPLL 

[0 30 7 ] HiSU-<fX©§8££§mc< t,*VCOIH88 
Ste<DPLL08SStfc# 1 #>fc><=>-$*> MMMEEV n<D^tb 
a * ^fi-^-^r^T^ -SOT. H^iIM±fc:£5E b/cO 

s D^fcasv-cfc . 7 »; x-t^d^iJI*. 

[0 30 8 ] 

[&Bj©$»m3 feLhSftBJL/fc<t^(C > *^Oil55[Hl 
88> mn$Uffli3lJil51KR!i>'«E$ii®SJi[HlSSK:J:n{3: > 30 
«5^X©g?8£W#J-Ct. {£^*2©PLLIhI88> 
DLL|51K^II^-C3r-2). ^BJ(c^^«JI$«JW 

O S D^<om^<0 YvYiPUv i?imo&£.Wt h 
xm^ZZtifi-CZZ,. CCOtcib. h±<Dgfl,S.'$Jfc 

[01] *»Bj{c^^,a52|51S8. mEfcUffllSISHsISSS/c 

*. 

■ [02] xmnvmionw&i&offifSMv&z. 
[0 3] *^bj©^ i <ommmB<Dm 1 ©nissm^-f 

@880T£>£,, 50 



ItS 2002-50945 
64 

[04] 4>A-*^^©rft«3n/c25*SP©I188 
0-C*4. 

[0 5 ] -f *S!jI5*©-CtiiJjXS n/cSSSPOttfP 

[06 ] 7 *ls]88 i ^©fltfiXRt^fiEIsI 
S8£m-f0-C*4. 

[07] X©I^£l3D8l£T£££&i£tt]S£ 

#K t£^»ni?#fa*^-f 13880-r* 4. 

[08] *5m<Z>& 1 <DHJ6J&»g<D3S 1 ©08801©^ 5 
[09] 1 <DmMB1&(Om 2 ©SSSW^T 

[0103 #*bj§cd38 1 ©^^©^©IISS^*^ 

-r@s&0-c&*„ 

[011] > *>bMjm&xfti$.zti-c^ zmmsiv 

08S0T&4. 
K)f'P*7F-rsgB0-C*-2>. 

[013] *&W<Dm2<Dnmfci&<Dn&*:7n?®-C*> 

[0143 #&B^©|fl2©||^^«J£0"tNfe£. 
[0153 #IPj3©gl2©ll*£J&SS©S& 1 ©IsISSfll*^ 

-rajaa-e**. 

[0173 *IMH©JII2©^«l»©»3©EIRW*n* 
f|5I880-C£>£. 

[0183 ^^(om2(omMmm<om3o^m<Dm 

[0193 #^©Jii2©ll*£^©^3©0S8#l©S'J 

[0203 #ffcBJ3<Dff| 2 ©JU6J&SS©® 3 ©08S^)©-> 

S a. U--> 3 >*£^£^t~0"C $>•£>,, 

[02 13 ^B^^SODHfe^^T^^-C* 

[022 3 ^m<Dm 3 (D^igBSgOfteO^RlcW?:^:^ 
0-C&-5. 

[0233 L 2? t ifilfilEffitn^EIslSSOttl^^-rialBS 
0-C4>5. 

[02 4 3 *%B^(Dm4©JliS^Sg47nT«tfi)c0T* 
4. 

[0253 #&91©Jjt 5 (D^Sfe^SS^^-T^S-C* 
4. 

[02 6 3 o]^§&$^HOmiS.i:^-r 0880^*4. 
[02 7 3 gftifl«)%'5J^Sffl^©lel886«14r^TI51880 

[02 8 3 — <&tt&fWE*fJfiP2yg[5]88©— flt^^r^T 
Ih1880-C*4. 

[02 9 3 *^©^6©HJS^SSO^ 1 ©088W£?r: 
T@880r*4. 



(34) 



65 



[030] *&w<om 6 onmmom i <D®&m<om. * 

[03 13 **W©»B©3«B&a©*2©lSBW*:* 

[03 2] *^©^6©Hig^SI©»2 0ll88WI©Jl 

[033] *^Bj©m 6 ©HJfc^SSOffl 3 (O^mtnk 

[0343 #&hj§©3£ 6 (D$mBB<D& 3 ©|5JSg0!l©l£ 
I%iStit*5. 10 

[0353 *&W<0& 7 ©n^s^o^^c^-risiss 

[03 6 3 5^y- K7 ^££IB^TPLL|5JS8©ia 
SS^^-T|51K0-C*S. 

[03 7] Ai\>ZV>Mttm^ : ti&m-Clb 
S. 

[03 8 ] -OlZtvif')- 

[0393 — flaftfc w >^-*M©«ffsww#&g[eis8© 

IslKW&^-rH^-cfe*. 20 
[04 0 3 #££BJ©I& 1 ©l£ffifflr*SjI&B#rai8SS[5J 

[04 1 3 *^BJ©^2©Joffl«f!lr*SPL LESSOR* 



1$B3 2002-50945 
66 

fiK£jj*-r[5|880-C&£. 

[04 2 3 #&95©m3©lCfflm?**DLLIi8&©tit 
fi5t*^-ri2l!§0-C*i. 

[04 3 3 *§m<0&4OfcftWC*>Z>* •■> 
^£fi£[5)S§©flJfi££^-f B880-C* Z>. 

[04 4 3 *^©m4©tt.fflF!l©«l^ i S:n 1 ^^0f 

[0453 ee3ft©i«a<SPLL[5iggtc*5W4^f ^ai 

[#-§©5*1)1] 

1 0 -ttflHftBS. 2 0-ft-y#>^HB. 3 0- 
4 0 -mE^^lElK (VCO) . 40 a 

-mEwasiass. 6 o -ii&isffi. 7o^wr^ 

[5188. 8 0 •••S3P$p ( ajUR@iJg > 1 0 0. 1 0 0 a , 1 
00b. 100c. 200. 200a. 2 0 0b-jl5£ 
SB. 110. 112. 114. 116. 110-1. 

1 1 0 - j -gdMnttSBS. 1 3 0. 1 3 2-E«£ 
Jjn#l!88. 140. 142, 142a -g!*€glE26£.lHl 

1 5 0. 1 52 -mmftEMW. 1 60. 1 62- 

whams nnscga**. 1 7 o -#ji!i*Eft£ein. 3 

00a. 300 b, 300cl. 3 0 0 c 2 -jieSU, 

4 0 0~fflw®&> 4 i 0-vb \y>y>)i/>??u ~j 



[013 



[063 



110-1 
AVcl = kclAVc 



Visa 




AVd* 



0) 




AVts 

>- 



Vn 

<CZ/(C1+C2)>AV<M 

IC1+C2 




2002-50945 





(36) 



4#gg 2002-50945 



RlT 



A Vdd 



i 



i 



CI 



(IU/R1) = (C1/C2) 



[07] 



-/t-f 7X%& {R1/(RUR2» A Vdd > 



{C2/(CUC2)}AVdd M/u 
<R1*R2)/(RH*2) J ? t ii v 

" _L 



i 



[08] 



wi : 

sis— T-*T 



r r 



160 



timc(s) 



75n 



[026] 

a. 



J_C J_c/2 lc/4 lcV2^ loT* 1 

jr ^ c °' i) 



[09] [027] 



Vdd 4* A Vdd « 3 




V» 



(37) 



2002-50945 



[110] 



Vdd + A Vdd 



V 

Vcaui 



INV1 



INV2 



INVn 



1O0c 



AVdd HE-Nl 



Fill 

H5- 



Vcatt +AVq 



nit 



AV«**AVdd 



VSJ 



1 1 ] 



IN 



rtdf" rSv* rl^ IpJ r? 



^NDl V^KDa V^NDs NDn-1 [NTta 

•jS M&ffi Hg(S Ujg Up lE 4 

JNCl JNCI JNCJ 1 ±NC» 

T i T 1 T I T I 

1© m 3K 4© ^ Vs5 



[HI 2 ] 



Vdd 

n 



(a) vihL 





Vo 


NDtY 
sin / \ 


/\ND3 




~Jr rsr 

^ Vcotn-V 







[013] 

Vdd 

T 



Vdd + AVdd 



-200 



? T^t 

5 tU^^K5>^^ I ,v 6 



Vcrtn-Vtta g VM.Oa^>Bff»» 



Vdd 

I 







Vet 


itn \ / 


Vdd-VthL Y 

*-.-i*.-^g! 






Veoto-Ythn ^^^>Jc2 


VlhL 



A WCV«M/2)fcr(2 A lij+X Aldj)/lo ^ Vb 



13fKJ2 002-50945 





[017] 




(39) 



2002-50945 




[018] 

142a 




[B2 1 3 




(40) 



2002-50945 



[019] 




[020] 




timc(s) 



[022 ] 



[029] 



V<kH>AV<W 



PLL, DLL £>- 



1 7 0Vt»*IE 



VeM 




Vcaip 



s 



00a 



y-200 



i" 

V» 



foul 



Venn 
O- 







T 




t 










• 












A 




B 




A 




B 




B 


i 


A 




B 




A 






9 












5> 


• 














































It 


































Si 
















a 




* 




i 










S 




m 






i 






m 


1 


i 
■ 

-4- 


i 




i 






s 


! 

— h 




i 
i 

— h 


St 


i 
i 

-+ 





ArA>0 I *A r A Vo " 



ArA>0 AtA>0 
At B<0 ArB<0 



(41) 



2002-50945 



[024] 



[040] 



V<Jd 



V<W*AVdti 




.60 



150 



152 



rot* 



I253 




150 



wyiln 




o I 



-162 



"ROT* 



■_J_J 



70 



[045 ] 



TJ 




mmmy' 





















.80 







an 










I 




Vcat 






ATI 




IrB>Ci XArBCO ^ v V 



ArB< 0 



tB>0. AtB<0 | 

**»* 



[030 ] 




(42) 



$#0320 0 2-50 94 5 



[03 1 ] 



[034] 



3Q0D 



Vdd+AVdd 

-e- 



-1 t L 

































c 




C 




e 




c 




c 




B 




c 




c 














































































If 






















m 








s 




m 










g 


1 1 






m 




i 


1 1 


I 






i 






i 




1 1 


i 






» 


& 


1 1 


a 






i 


m 


i 






i * 








L. 




i > 

J_L_ 








— u 




— u 





ArC >0 



ArC >0 



A r B <tf j 777 ArB<0 Ar 



oo 



8 

131 
? 



A r E /AVdd 





y -f x a vdd «s y << x a vw 

<e) mgA^xgggggggg ffl mgy-rx*MKgtt<pgg» 



[032] 




ffiSty-fXAYdd «iS/<XAVdd 



[033] [039] 




(43) 



1#B32 0 02-50 94 5 



[035] 




[036] 



H««NC 



10 

L_ 



Su?/Spw 



20-1 



GO 



40 



20-2 ^ 



New? 



Cl 



Four, 



.50 



[037 ] 



(a) j" 

(b) 

(C) Sup 

(d) S*w 



AT 



AKT 



(6) V«t 



AVI 




JT 



AV2 



i^^^f&w; ^ „, 



1 i 

S3 



(44) 



4#H20 0 2-5 0 94 5 



138] 



(a) WflsLfcT 8 ?^^© ■ 



fVCD 



( C ) as^oy? 



Vmf 



(e) 5^u-K7-f 




[044] 

» w ££ UljuLJUUJUUUU^ 



(b) 

(c) 

(d) 




AT#*I<*** 



biennis C5>#J0 




[04 1 3 



CKitt 



.50 



30 



Vdd+AVOd 

J/40 



so 






VCO 







aVmi 



Vn 



[042] 



mm 

GKnf 



50a 
CXI 



10 



Sow 



20 



40a 



Vtt+AVdd 



At 



VCD GIB 



V 


cat 







30 



(45) 



l#ga2 0 0 2- 5 0 94 5 



[043] 



_TL 



V5YNC0 
HSYWQD , 
VSYNC1 
BSYNC1 



UK 



X ri 



.50 



^410 



TBI 

9**9 



m 



420^. 
BSWCiB 



430 



20 



30 



.40 



£ 



h 

to! 



F ^-A (#^» ) 53001 M04 AA05 BBOO BB12 BB15 
BB20 BB25 DD01 DD03 DD06 
D009 

5J098 AA03 AB36 AC04 AC14 AC30 

AD07 FA09 
5J106 AA04 CC15 CC58 QQ06 RR17 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



